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Abstract 

Classical  probability  theory  is  applied  to  analytically 
combine  known  or  hypothesized  subsystem  reliability  and 
maintainability  characteristics  into  an  aggregate 
probability  distribution  for  repair  time  of  an  advanced 
technology  aircraft.  While  repair  time  of  a  weapon  system 
is  determined  by  a  complex  interaction  of  many  factors,  the 
relatively  high  reliability  predicted  for  advanced 
technology  aircraft  justifies  several  simplifying 
assumptions  which  permit  an  analytical  approach. 

The  applicability  of  the  analytical  method  is  examined 
by  comparing  analytical  repair  time  distributions  with 
distributions  produced  by  Monte  Carlo  simulation.  Using  the 
Advanced  Tactical  Fighter  as  an  example,  comparisons  are 
performed  over  a  wide  range  of  relevant  factors.  Overall 
aircraft  reliability  emerges  as  the  single  critical  factor 
determining  the  applicability  of  the  method. 

A  simple  model  is  presented  for  translating  the 
aircraft  repair  time  distribution  into  measures  of  aircraft 
operational  effectiveness  (availability  and  sortie 
generation  rate)  under  a  specified  concept  of  operations. 

The  translation  model  demonstrates  how  the  analytical  method 
for  forming  a  repair  time  distribution  could  be  used  to 
heuristical ly  determine  how  to  best  allocate  a  reliability 
and  maintainability  "budget"  to  various  subsystems  as  an 
aircraft  design  is  developed. 


AN  ANALYTICAL  METHODOLOGY  FOR  PREDICTING  REPAIR  TIME 


DISTRIBUTIONS  OF  ADVANCED  TECHNOLOGY  AIRCRAFT 


PacKrwnti 


L.  The  Air  Fore*  is  dramatically  increasing 


its  emphasis  on  the  reliabiliity  and  maintainability  of  new 
weapon  systems.  In  a  September  1984  joint  memo  to 
commander s,  Secretary  of  the  Air  Force  Verne  Orr  and  Air 
Force  Chief  of  Staff  General  Charles  A.  Gabriel  mandated! 

For  too  long,  the  reliability  and  maintainability  of 
our  weapon  systems  have  been  secondary  considerations 
in  the  acquisition  process.  It  is  time  to  change  this 
practice  and  make  reliability  and  maintainability 
primary  considerations  (12il). 

This  statement  is  evidence  of  high-level  recognition  that 

the  reliability  and  maintainability  (RfcM)  of  weapon  systems 

are  crucial  factors  in  determining  their  operational 

effectiveness.  On  14  February  1983,  Secretary  Orr  announced 

a  program  aimed  at  accelerating  the  improvement  of  RfcM  in 

Air  Force  weapon  systems  entitled  "RfcM  2000."  The  program 

"calls  for  managers  of  new  system  procurements  ...  to 

consider  RfcM  equally  with  cost,  schedule  and  performance 

factors."  <48il>  The  need  for  this  elevation  in  the 


priority  of  RfcM  is  explained  by  General  Robert  D.  Russ, 
former  Air  Force  deputy  chief  of  staff  for  Research, 
Development,  and  Acquisition  and  now  commander  of  the 
Tactical  Air  Command  (TAC)i 
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Mi  need  RIcM  by  design,  not  chance.  If  the  engineers 
don’t  design  it  in  during  development,  where  it’s  most 
efficient,  they  have  to  redesign  it  in  production, 
or  add  it  as  a  modification.  That  can  be  disruptive 
and  very  expensive.  (31:10) 

Reliability  and  maintainability  factors  must  thus  be 

considered  from  the  very  earliest  stages  of  weapon  system 

development.  Brigadier  General  Frank  S.  Goodell,  Air  Staff 

Special  Assistant  for  RfcM,  has  expressed  the  view  that  the 

vast  majority  of  RtcM  design  should  be  accomplished  prior  to 

full  scale  development  of  a  system  (33). 

One  major  weapon  system  currently  in  the  early  stages 

of  development  is  the  Advanced  Tactical  Fighter  (ATF) . 

While  the  ATF  concept  must  yet  undergo  about  three  years  of 

demonstration  and  validation  before  its  requirements  and 

technologies  are  firmly  fixed,  some  RfcM  goals  have  already 

been  set  as  part  of  the  ATF  concept  definition.  For 

example,  the  ATF  sustained  sortie  rate  must  be  at  least 

twice  that  of  the  F-19  (55:2).  Major  General  John  M.  Loh, 

TAC  Deputy  Chief  of  Staff  for  Requirements,  has  acknowleged 

the  need  to  "give  up  some  performance,  to  a  point,  in  order 

to  achieve  reliability  and  maintainability  of  the  ATF." 

(7:58)  Reliability  and  maintainability  will  thus  truly  be 

primary  design  considerations  for  this  aircraft. 

Definitions.  The  Department  of  Defense  defines 

reliability  as  the  probability  that  an  item  can  perform  its 

intended  function  for  a  specified  interval  under  stated 

conditions."  (14:8)  Maintainability  is  expressed  as  "the 
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probability  that  an  item  Mill  be  retained  in,  or  restored, 
to  a  specified  condition  Mithin  a  given  period  if  prescribed 
procedures  and  resources  are  used."  (9: Sec  III,  1  > 

Together,  the  reliability  and  maintainability  features  of  a 
system  combine  to  determine  the  system’s  operation*! 
readiness,  often  measured  by  availability.  Availability  is 
simply  "a  measure  of  the  degree  to  Mhich  an  item  is  in  an 
operable  and  commi table  state  at  thm  start  of  a  mission  Mhen 
the  mission  is  called  for  at  a  random  point  in  time." 

(9sSec  IV, 1)  For  an  aircraft,  another  important  measure  of 
operational  capability  is  the  “sortie  generation  rate," 
which  is  simply  the  number  of  sorties  per  aircraft  launched 
by  a  operational  unit  within  a  specified  time  period  under 
specified  conditions.  A  major  goal  of  ATF  design  engineers 
will  be  to  allocate  the  ATF  reliability  and  maintainability 
"budget"  to  various  subsystems  in  such  a  way  as  to  maximize 
the  operational  effectiveness  of  the  ATF  as  measured  by 
availability  and  the  sortie  generation  rate  (50). 

Problem.  An  important  step  in  evaluating  the  potential 
availability  and  sortie  generation  capability  of  an  aircraft 
is  determination  of  the  effect  of  subsystem  characteristics 
on  the  amount  of  time  needed  to  restore  the  aircraft  to  an 
operable  condition  when  it  fails  (16il).  This  repair  time 
can  be  expressed  as  a  continuous  probability  distribution, 
such  as  that  shown  in  Figure  1.1.  The  repair  time 
distribution  can  be  used  to  specify  the  probability  that  a 


-failed  aircraft’s  repair  tine  Mill  -fall  Mithin  any 
particular  interval  of  possible  repair  tines.  In  Figure 
1.1,  the  darkened  area  under  the  curve  represents  the 
cunulative  probability  that  a  failed  aircraft  Mill  be 
repaired  in  tMO  hours  or  less. 


Figure  1.1.  Typical  Probability  Distribution 
for  Repair  Tine  of  an  Aircraft 


The  shape  and  paraneters  (nean  repair  tine,  variance, 
etc.)  of  the  repair  time  distribution  can  be  determined  by 
*99r«9*ting  reliability  and  repair  time  estimates  of  major 
subsystems  that  together  comprise  the  entire  weapon  system. 
A  typical  military  aircraft  consists  of  tMenty  to  thirty 
major  subsystems  such  as  airframe,  engines,  fuel,  and 
hydraulics.  For  current  aircraft,  the  process  of 
aggregating  subsystem  characteristics  to  form  a  repair  time 
distribution  for  the  entire  system  is  quite  complex  because 
of  the  possibility  that  more  than  one  subsystem  nay  fail 
before  repair  efforts  are  begun  on  the  aircraft  <51tlll>. 


If  repairs  on  each  failed  subsystem  are  conducted 
simultaneously,  the  aircraft  repair  time  Mill  reflect  the 
longest  time  required  to  repair  a  single  subsystem  rather 
than  the  sum  of  the  subsystem  repair  times.  The  need  to 
model  this  effect  makes  the  prediction  of  overall  aircraft 
repair  time  a  mathematically  intractable  problem  that 
currently  requires  the  use  of  simulation  modeling. 
Unfortunately,  simulation  generally  requires  a  large  number 
of  computer  runs,  provides  no  guaranteed  level  of  accuracy, 
and  does  not  provide  full  analytical  insight  into  the 
effects  of  the  input  variables  (61:13).  For  these  reasons, 
many  analysts  argue  that  "before  simulation  is  chosen  as  the 
solution  method,  every  effort  should  be  made  to  solve  the 
problem  mathematically."  <2: 19) 

The  predicted  high  reliability  of  advanced  technology 
aircraft  introduces  the  possibility  that  a  modeling  method 
other  than  simulation  can  be  developed  to  determine 
aggregate  repair  time  distributions.  Unlike  current 
aircraft,  advanced  technology  aircraft  are  predicted  to  be 
so  reliable  that  the  probability  of  two  or  more  subsystems 
failing  before  one  can  be  repaired  may  be  negligible.  This 
high  reliability  eliminates  the  need  to  model  simultaneous 
subsystem  repairs,  making  the  repair  time  distribution 
problem  much  more  mathematically  tractable.  Through  the  use 
of  an  appropriate  analytical  methodology,  the  erf  feet  of 
subsystem  proposals  on  the  repair  time  distribution  could  be 


quickly  and  accurately  measured  and  evaluated  as  the 
aircraft  design  is  developed. 


Objective 

The  primary  objective  of  this  project  is  to  develop  an 
analytical  methodology  for  aggregating  subsystem  reliability 
and  maintainabi li ty  estimates  to  form  a  rmp»ir  time 
distribution  for  the  Advanced  Tactical  Fighter  and  other 
highly  reliable  advanced  technology  aircraft.  The  project 
also  determines  the  level  of  overall  aircraft  reliability 
necessary  for  the  methodology  to  be  applicable.  Finally, 
the  project  demonstrates  how  the  methodology  can  contribute 
to  reliability  and  maintainability  allocation  decisions. 
These  objectives  are  accomplished  through  the  following 
steps i 

1)  Development  of  an  analytical  method  for  aggregating 
subsystem  repair  time  distributions  based  on  the  assumption 
that  only  one  subsystem  will  fail  before  repair  is 
initiated. 

2)  Development  of  a  simulation  model  that  forms  an 
aggregate  repair  time  distribution  with  multiple  subsystem 
failures  and  repairs  permitted. 

3)  Comparison  of  the  analytical  and  simulation  models 
for  computational  efficiency  and  disparity  of  results  when 
estimates  of  ATF  subsystem  characteristics  are  used  as 
input  data. 

4)  Determination  of  the  level  of  subsystem 


reliabilities  required  in  order  for  the  analytical  eodel  to 
produce  results  sieilar  to  those  produced  by  the  simulation 
model.  This  step  determines  the  reliability  levels  under 
Mhich  the  analytical  model  can  reasonably  be  applied.  The 
effects  of  other  factors,  such  as  the  subsystem 
maintainability  characteristics,  are  also  examined.  Since 
many  different  subsystems  could  have  widely  varying 
reliability  and  maintainability  characteristics,  a  thorough 
understanding  of  the  relationship  between  the  results  of  the 
two  models  over  a  wide  range  of  subsystem  characteristics  is 
essential . 

5)  Demonstration  of  how  the  aggregate  repair  time 
distribution  can  contribute  to  determination  of  the 
predicted  operational  effectiveness  of  an  aircraft  as 
measured  by  characteristics  such  as  availability  and  sortie 
generation  capability.  A  by-product  of  this  step  is  an 
indication  of  how  differences  in  system  repair  time 
distributions  relate  to  differences  in  measures  of 
operational  effectiveness. 

SCfiQJt  *Dd  Assumptions 

The  project  deals  with  the  effect  of  major  subsystems 
on  the  repair  time  distribution  for  an  entire  aircraft. 
Failure  of  any  subsystem  is  assumed  to  have  no  effect  on  the 
probability  of  failure  of  any  other  subsystem.  This  is  an 
appropriate  approach  for  a  system  in  the  earlier  stages  of 


davilop—nt,  whan  many  dmsign  datails  arm  unknown.  Only 
unschmdulad  maintmnancm  is  addrmssmd  and  is  assumad  to  bm 
indspmndmnt  o-f  schmdulmd  maintmnancm.  Also,  rspair  timm  for 
any  form  of  battlm  damagm  rmpair  is  not  addrmssmd.  Whilm 
masm  of  anticipatmd  battlm  damagm  rmpair  is  a  possiblm 
dmsign  considaration,  it  is  dominatmd  by  thm  nmmd  to  dmsign 
thm  aircraft  for  ovarall  survivability.  This  projsct 
thmrmform  smparatms  battlm  damagm  rmpair  concmrns  from 
rmli ability  and  maintainability  allocation  dmcisions. 

SublYlttm  Charactmristics.  No  actual  ATF  hardwarm  ymt 
mxists,  so  subsystam  charactmristics  must  bm  hypothmsizmd. 
Tablm  1.1  displays  rmliability  and  maintainability  mstimatms 
that  havm  bmmn  providmd  by  thm  ATF  Systmm  Program  Officm  for 
mach  of  thm  twmnty-f our  major  ATF  subsystmms.  Thm  subsystmm 
work-uni t-codms  <MJC)  in  Tablm  1.1  corrmspond  to  thm 
following  subsystmm  dmscriptorsi 


11) 

Airframm 

49) 

Hi semi 1 anmous  Utilitims 

12> 

Crmw  Station 

51) 

Flight  Instrummnts 

13) 

Landing  Gmar 

55) 

Half.  Analysis  Rmcordmr 

14) 

Flight  Controls 

62) 

VHF  Communications 

23) 

Enginm 

63) 

UHF  Communications 

24) 

Auxiliary  Powmr  Plant 

64) 

Intmrphonm 

41) 

Envi r onmmntal  Control 

65) 

IFF  Transpondmr 

42) 

El metric  Powmr 

71) 

Radio  Navigation 

44) 

Lighting 

74) 

Firm  Control 

43) 

Hydraul ics/Pnmumatics 

75) 

Pmnmtration  Aids/ECH 

46) 

Fuml 

76) 

Gun 

47) 

Oxygmn 

97) 

Wmapons/Dml i vary /Radar 

Thm  subsystam  rmliability  a 

stimatms 

arm  mxprmssmd  in  Haan 

Sortims  Bmtwmmn  Failurms  <MSBF)  and  arm  basmd  on  currant 


rmliability  data  for  thm  F-15  Air  Supmriority  Fightar  which 


have  bian  ad  just  ad  to  reflect  prsdictsd  technological 
advances  and  ATF  reliability  requirements. 


Table  l.i 

ATF  Subsystem  Reliability  and  Maintainability  Estimates 


Repair  Tiae  Data  (hours) 


Rnovc  and  Rep  1  act 

Repair  in  Place 

Can  Not  Duplicate 

SubsystM 

Cond. 

flean 

Var- 

Cond. 

(lean 

Var- 

Cond. 

dean 

Var- 

HSBF 

Prop. 

Tit* 

ianct 

Prob. 

Tiae 

iance 

Prob. 

Tiae 

iance 

11 

133.00 

1.27 

0.37 

0.944 

2.22 

0.44 

0.004 

3.13 

Bull 

mm 

241.00 

2.72 

n  79 

0.442 

1.70 

0.49 

0.040 

0.70 

[ffaB 

■  1 

149.00 

2.08 

0.40 

0.384 

2.05 

0.59 

2.18 

14 

141.00 

0.454 

2.33 

0.48 

0.299 

2.43 

0.70 

0.245 

1.53 

0.44 

23 

145.00 

0.428 

3.12 

0.90 

0.494 

1.48 

0.43 

0.07B 

2.11 

0.41 

24 

207.00 

0.490 

2.83 

0.82 

0.434 

2.24 

0.44 

0.074 

2.22 

0.44 

41 

417.00 

0.442 

3.31 

0.94 

0.199 

1.72 

0.50 

Phi 

2.35 

42 

245.00 

0.803 

1.32 

0.38 

0.173 

2.97 

0.84 

0.024 

2.90 

0.84 

44 

700.00 

0.418 

1.20 

0.35 

0.333 

1.52 

0.44 

0.049 

2.57 

0.75 

45 

450.00 

0.327 

3.11 

0.90 

0.587 

2.20 

0.44 

1.45 

0.42 

44 

148.00 

0.428 

3.08 

0.89 

0.421 

2.78 

0.81 

0.151 

1.78 

0.52 

47 

1000.00 

0.523 

1.80 

0.52 

0.315 

1.71 

0.50 

0.142 

1.48 

0.43 

49 

3300.00 

0.857 

3.23 

0.94 

0.00 

0.00 

0.143 

1.00 

0.29 

51 

480.00 

0.583 

1.51 

0.44 

0.183 

1.04 

0.30 

0.234 

1.02 

0.30 

55 

7200.00 

0.389 

1.12 

0.32 

0.222 

1.13 

0.33 

0.389 

0.37 

0.11 

42 

2000.00 

0.298 

1.03 

0.30 

1.27 

0.37 

0.314 

0.95 

0.28 

43 

475.00 

0.329 

1.19 

0.35 

0.95 

0.28 

0.342 

1.18 

0.34 

44 

975.00 

0.220 

1.70 

0.49 

0.381 

1.31 

0.38 

0.399 

0.89 

0.24 

45 

1400.00 

0.485 

1.29 

0.37 

0.137 

0.92 

0.27 

0.178 

0.24 

71 

422.00 

0.497 

1.24 

0.37 

0.222 

0.97 

0.28 

0.261 

1.12 

0.32 

74 

34.50 

0.359 

1.35 

0.39 

0.094 

1.24 

0.37 

0.547 

1.04 

0.30 

75 

80.00 

0.274 

1.43 

0.47 

0.089 

1.48 

0.49 

0.437 

1.01 

0.29 

74 

295.00 

0.435 

2.28 

0.44 

0.184 

1.71 

0.50 

0.181 

1.48 

0.43 

97 

11000.00 

0.847 

2.57 

0.75 

0.133 

2.10 

0.42 

0.000 

0.00 

The  ATF  subsystem  repair  time  estimates  in  Table  i.l 
are  also  based  on  F-1S  data.  The  estimates  include  mean 
repair  times  and  repair  time  variances  for  each  of  three 


possible  maintenance  actions  on  each  subsystems  remove  and 
replace,  repair  in  place,  and  "can  not  duplicate. “  The  "can 
not  duplicate"  action  refers  to  a  situation  in  which  the 
cause  of  a  reported  intermitent  malfunction  can  not  be  found 
and  no  corrective  action  is  possible  after  exhaustive 
troubleshooting  and  testing.  The  estimates  in  Table  1.1 
also  include  the  conditional  probability  associated  with 
each  maintenance  event  (given  subsystem  failure). 

El ements  of  Repair  Time.  The  repair  time  estimates 
include  all  the  activities  associated  with  "active"  repair, 
including  fault  detection,  location,  diagnosis,  correction 
and  verification.  An  important  factor  deliberately  excluded 
is  the  possible  presence  of  delays  caused  by  queuing  for 
scarce  resources  such  as  manpower  and  replacement  parts 
which  must  be  delivered  from  distant  locations  or  cycled 
through  various  maintenance  shops.  There  is  considerable 
evidence  that  such  delays  will  be  less  significant  for 
advanced  technology  weapon  systems  than  for  current  systems. 
For  example,  ATF  reliability  estimates  predict  an  aircraft 
engine  failure  rate  of  one  every  16S  sorties.  A  failed 
engine  would  require  removal  and  replacement  with 
probability  0.428.  Thus,  a  squadron  of  twenty-four  single 
engine  aircraft,  each  flying  six  two-hour  sorties  per  day, 
would  require  a  replacement  engine  an  average  of  only  once 
every  2.57  days.  A  very  small  number  of  on-hand  replacement 
engines  would  therefore  ensure  that  virtually  no  substantial 


queuing  delays  for  engines  occur.  Furthermore,  the  effect 
of  queuing  delays  on  operational  effectiveness  will  depend 
as  much  on  the  concept  of  maintenance  employed  (number  of 
maintenance  specialists  per  aircraft,  number  of  spare  parts 
per  aircraft,  etc.)  as  on  the  inherent  reliability  and 
•eintainabi li ty  characteristics  of  the  aircraft.  Rather 
than  attempt  to  consider  an  intractable  number  of 
undetermined  variables  at  early  stages  of  weapon  system 
development,  this  project  supports  reliability  and 
eaintainabi lity  allocation  decisions  on  the  basis  of  their 
effect  on  the  inherent  operational  effectiveness  of  an 
aircraft  under  an  anticipated  concept  of  operations. 

Chapter  VII  discusses  the  possibility  that  the  analytical 
methodology  could  be  extended  to  include  queuing  effects  as 
more  details  about  the  system  design  and  concept  of 
maintenance  become  established. 


Overview 

The  Military  application  of  the  aathMaatical  theory  of 
reliability  and  maintainability  began  shortly  after  World  II 
as  an  outgrowth  of  experience  with  complex  electronic 
equipment  (56:56).  By  1950,  RfcH  shortcomings  of  electronic 
aerospace  systems  had  become  so  significant  that  the  Air 
Force  formed  an  ad  hoc  Group  on  Reliability  of  Electronic 
Equipment  to  recommend  measures  to  improve  reliability  and 
reduce  maintenance.  In  late  1952,  the  Department  of  Defense 
established  the  Advisory  Group  an  Reliability  of  Electronic 
Equipment  (AGREE),  which  published  its  first  report  in  1957 
(3:16).  This  report  included  reliability  testing 
requirements  and  acceptability  limits  for  new  acquisitions. 

Since  the  first  AGREE  report,  the  Department  of  Defense 
and  the  Air  Force  have  been  increasingly  concerned  with  the 
impact  of  reliability  and  maintainability  on  the  cost 
of  operating  weapon  systems  and  components  (43:52). 

Numerous  specific  guidelines  for  the  consideration  of  R&M 
factors  in  military  systems  are  provided  in  HIL-STD-785B, 
Reliability  Program  for  Systems  and  Equipment  Development  and 
Production  (23),  and  NIL-STD-470A,  Maintainability  Program 
for  Systems  and  Equipment  (17).  A  literature  review 


conducted  by  the  "RW1  2000"  Action  Plan  Development  Team 
identifies  over  1,000  current  Air  Force  documents  that 
directly  address  Rldl  issues  (13: Sec  F,  17) .  While  many  of 


thvta  documents  are  oriented  toward  the  lif e-cycle  costs  of 
systems,  the  1980s  have  brought  increasing  emphasis  on  the 
direct  impact  of  reliability  and  maintainability  on  system 
operational  readiness  <Us33).  A  current  dominant  objective 
of  senior  Air  Force  leaders  is  to  keep  the  maximum  possible 
portion  of  forces  ready  for  action  and  to  ensure  the 
capability  to  sustain  these  forces  through  intense  periods 
of  operation  (33). 

Two  specific  segments  of  the  current  reliability  and 
maintainabi 1 ity  literature  are  of  particular  importance  to 
this  project  and  are  reviewed  below.  The  first  segment 
deals  with  existing  models  that  have  been  employed  to  assess 
the  impact  of  RM1  allocation  decisions  on  aircraft  operational 
effectiveness.  The  second  segment  deals  with  the 
theoretical  and  experimental  work  that  has  been  directed 
toward  determining  and  predicting  the  repair  time 
distributions  of  weapon  system  components.  Since  the 
objective  of  the  project  methodology  is  to  aggregate 
subsystem  repair  time  distributions  into  an  overall 
repair  time  distribution,  a  understanding  of  the  potential 
forms  of  the  subsystem  distributions  is  essential. 

Current  Models 

In  recent  years,  numerous  models  have  been  developed  or 
adapted  to  assess  the  impact  of  system  reliability  and 
maintainability  char seteri sties  on  aircraft  operational 


effectiveness.  One  of  the  most  widely  accepted  of  these  is 
the  Logistics  Composite  Model  (LCOM)  <9: Sec  IV, 8).  Written 
in  Simscript  II. 5,  LCOM  employs  Monte  Carlo  simulation  for 
the  primary  purpose  of  analyzing  support  requirements  for 
complete  weapon  systems.  For  new  aircraft,  LCOM  is 
specifically  used  to  determine  manpower  requirements  and  to 
verify  supportabi 1 ity  and  maintainability  requirements 
<57 1 1 ) .  The  model  can  be  configured  to  determine  the 
resource  requirements  needed  to  support  a  concept  of 
operations  or  to  determine  the  operational  effectiveness 
realized  under  specified  conditions.  Necessary  inputs  to 
the  model  include  daily  mission  schedules,  service  and 
repair  networks  (defining  tasks,  times,  and  resources 
required),  subsystem  failure  rates,  and  total  resources 
available  <37i2).  The  resources  include  personnel  by 
specialty  and  shift,  spare  parts,  and  support  equipment. 

While  the  LCOM  model  is  very  flexible,  it  is  designed 
for  use  with  highly  detailed  input  data  and  can  only  be 
operated  in  a  batch  mode.  It  is  therefore  not  well  suited 
for  use  in  the  evaluation  of  many  alternative  reliability 
and  maintainability  allocation  strategies  early  in  the 
process  of  weapon  system  development.  Accordingly,  two 
additional  models  have  been  developed  for  "first  cut"  looks 
at  design  optional  the  Expected  Value  Model  (EVM)  and  the 
Reliability  and  Maintainability  Model  <RfcM) . 

EVM  and  RfcM  are  both  average  value  models  that  compute 


•x pec ted  values  for  reliability,  maintenance  man-hours,  and 
required  resources  by  working  through  every  path  of  a 
maintenance  action  network  and  multiplying  the  probabilities 
of  tasks  on  each  path.  The  EVM  and  RfcM  models  do  not 
consider  queueing  effects  caused  by  constraints  on 
resources.  However,  users  of  the  model  at  the  Air  Force 
Aeronautical  Systems  Division  argue  that  the  impact  of  these 
effects  "need  only  be  assessed  for  the  final  Cdesignl 
decision.  The  EVM  and  RfcM  models  are  designed  to  provide 
quick  turnaround  answers  to  isolate  details,  decision 
differences  and  exploratory  tradeoffs."  (49*33) 

A  major  limitation  of  the  EVM  and  RfcM  models  for 
evaluation  of  aircraft  operational  effectiveness  is  that 
they  compute  overall  expected  maintenance  man-hours  to 
repair  rather  than  expected  system  down-time.  System  down¬ 
time  is  equivalent  to  average  maintenance  man-hours  divided 
by  average  personnnel  required,  but  only  if  there  are  no 
simultaneous  subsystem  repairs  or  no  multiple  subsystem 
failures.  Another  limitation  of  the  the  EVM  and  RScM  models 
is  that  they  can  provide  only  an  expected  value  of 
maintenance  man-hours  rather  than  a  complete  probability 
distribution.  One  maintainability  expert  observes* 

Military  commanders  are  not  interested  in  knowing 
that  a  system  will  be  down  a  certain  length  of  time  "on 
the  average”;  they  want  assurance  that  it  will  not  be 
down  more  than  a  specified  amount  of  time.  (40*105) 

Thus,  the  ability  of  the  EVM  and  RfcM  models  to  fully 

capture  the  full  impact  of  reliability  and  maintainability 


allocation  decisions  on  system  operational  ef f ecti veness  is 
limited. 

Many  other  models  have  been  used  to  relate  reliability 
and  maintainability  characteristics  to  the  generation  of 
aircraft  sorties.  One  typical  example  is  a  simulation  model 
developed  at  the  Air  War  College  to  evaluate  the  effect  of 
weapon  system  accuracy,  reliability,  and  maintainability 
allocation  decisions  on  aircraft  effectiveness  in  peacetime 
and  wartime  environments  (S3).  Significant  results 
obtained  from  the  model  include  the  observations  that 
maintainability  characteristics  are  more  important  in 
wartime  than  in  peacetime  and  that  many  simple,  less 
accurate  aircraft  are  more  effective  in  combat  than  a  few 
complex,  highly  accurate  aircraft  (53s58>.  Another  example 
of  the  many  simulation  models  currently  in  use  is  the  TSAR 
sortie  generation  model,  developed  in  1982  by  the  Rand 
Corporation  to  assess  force  generation  and  logistical 
support  in  a  combat  environment  (26).  This  model  is  unique 
in  that  it  analyzes  aircraft  maintenance  under  the  impact  of 
a  "surge"  flight  program,  extensive  aircraft  battle  damage, 
and  "the  highly  irregular  patterns  of  damage  to  essential 
base  facilities  that  would  be  experienced  during  airbase 
attacks"  (26i3).  While  models  such  as  TSAR  and  the  Air  War 
College  model  are  useful  for  the  purposes  for  which  they  are 
designed,  they  have  limited  applicability  to  early  RfcM 
allocation  decisions  because  they  require  detailed  input 


information  not  known  in  the  early  stages  of  weapon  system 


development.  Furthermore,  since  these  models  employ  Monte 
Carlo  simulation  to  produce  their  results,  they  possess  the 
accompanying  disadvantages  of  long  run  times  and  limited 
accuracy. 

EfflCffla  Si  Subsystem  Repair  Tig»  Distributions 

Many  current  simulation  models  and  the  analytical  model 
proposed  by  this  project  require  information  about  the  forms 
of  repair  time  distributions  for  aircraft  subsystems.  For 
existing  aircraft,  the  distributional  forms  can  be 
obtained  from  empirical  data.  However,  in  the  early  stages 
of  weapon  system  development,  theoretical  distributions 
for  repair  times  must  be  assumed  (25t20).  The  distributions 
appearing  most  frequently  in  maintainability  literature  are 
the  exponential  and  lognormal  distributions  <40* 106) .  These 
distributions  are  illustrated  in  Figure  2.1. 


Figure  2.1.  Exponential  and  Lognormal 
Repair  Time  Distributions 
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The  exponential  distribution  has  ths  probability 
dsnsity  function  (pdf) 

f(t)  -  (l/T)  axp <-t/T) ,  t£0  (2.1) 

Mhars  t  is  tiaa  and  r  is  tha  Man  rspair  tins.  A  property 
of  ths  exponential  distribution  asking  it  unique  aaong 
continuous  distributions  is  that  it  is  "memoryless" 

(4il05).  If  tha  rapair  tiaa  for  a  subsystee  is 
exponential ly  distributed,  than  tha  probability  that  an 
ongoing  repair  Hill  consuee  an  additional  At  units  of  tiaa 
Hill  be  the  saaa  no  aatter  hon  long  tha  subsystee  has  bean 
Horked  on.  The  exponential  distribution  applies  to  simpler 
types  of  equipment  that  normally  require  adjustments  of  a 
very  short  duration  or  quick  removal  and  replacement,  and 
only  occasionally  require  much  longer  repair  times  (32t46). 
For  existing  aircraft,  the  exponential  distribution  is 
rarely  applicable  to  major  subsystems  because  of  their 
complexity.  Honever ,  advanced  technology  aircraft  such  as 
the  ATF  are  expected  to  consist  largely  of  modularized 
components  Hhich  can  be  quickly  tested  and  replaced  (7i98). 
Thus,  the  exponential  distribution  may  apply  to  some  major 
ATF  subsystems,  particularly  those  Hhich  are  primarily 
electronic  (Ili33). 

Unlike  the  exponential  distribution,  the  lognormal 
distribution  describes  the  repair  time  for  a  Hide  variety  of 
complex  equipment  and  can  generally  be  fit  to  empirical 


repair  tiM  data  (32tSI|  10i56).  In  MIL-STD-471A, 

Main t mi nobi lity  Ueri fi cat i on/Doaonstroti on / Vai i dot i on ,  t ha 
lognormal  distibution  is  the  only  paraaetric  family  of 
distributions  for  Mhich  test  plans  are  given  (27t 13}  18). 

A  lognormal ly  distributed  repair  time  T  has  the 
probability  density  function 

fit)  -  <1/Cta<2ir>  1/21>  expC-<ln  t  -  M>2/2ff23dt,  t>0  C2.2) 

2 

where  n  and  0  are  the  mean  and  variance  of  a  normally 
distributed  random  variable  which  is  the  logarithm  of  T 
<li 8).  Figure  2.2  illustrates  the  fit  of  a  lognormal 
distribution  to  empirical  repair  time  data  for  a  particular 
type  of  aircraft  radar,  which  is  representati ve  of  several 
subsystems  analyzed  by  the  AR1NC  research  corporation 
i32i 62) .  The  dashed  line  in  Figure  2.2  plots  the 
theoretical  Cumulative  Distribution  Function  iCDF)  for  a 
lognormal  distribution  with  a  mean  of  1.008  hours  and  a 
standard  deviation  of  0.5891  hours.  The  value  of  the 
theoretical  CDF  at  any  time  t  is  the  integral  of  the  pdf  at 
t  and  represents  the  probabiltiy  that  repair  is  completed  by 
t.  The  solid  line  in  Figure  2.2  plots  the  empirical  CDF. 

In  addition  to  empirical  evidence,  the  literature 
presents  some  theoretical  justification  for  use  of  the 
lognormal  distributions  in  modeling  the  repair  times  of 
complex  subsystems.  It  has  been  shown  that  whenever  the 
change  in  a  variable  at  any  step  in  a  process  is  a  random 


proportion  of  the  previous  value  of  the  variable,  then  the 
variable  is  lognormal 1 y  distributed  (1*22).  The  time 
required  to  locate  and  correct  a  fault  in  a  complex 
subsystem  exhibits  this  behavior,  since  the  next  step  in  any 
repair  process  often  depends  on  the  outcome  of  the  previous 
step. 

1.0 

0.8 

Probability  0.6 
Repair 
Completed 
by  Time  t  0.4 
(CDF) 

0.2 

0.1  O.S  1.0  5.0  10.0  50.0 

Repair  Time  (hours) 

Figure  2.2.  Empirical  and  Theoretical  Repair  Time  CDFs 
(adapted  from  32x51) 

A  number  of  maintainability  prediction  methods  which 
assume  lognormal  distributions  are  described  in  MIL-HDBK-472, 
Maintainability  Prediction  (16).  One  procedure  uses  an 
"elemental  activity  approach"  by  synthesizing  all  of  the 


specific  tasks  involved  in  each  possible  repair.  Basic 
repair  time  distributions  are  provided  for  each  standard 
task |  the  task  times  are  then  aggregated  using  a  manual  Monte 


Carlo  technique  (16: Sec  1,19).  The  tinn  for  each  task  ars 
astuMd  to  b«  lognormal ly  distributed,  except  for  vary 
specific  activities  (such  as  opening  an  aircraft  radons) , 
which  are  assussd  to  be  nor sal 1 y  distributed.  Another  MIL- 
STD-472  procedure  involves  the  detereination  of  repair  tines 
required  to  attain  particular  cunulative  probabilities  of 
repair.  These  cunulative  probabilities  are  then  used  to 
deter nine  the  paraneters  of  an  associated  1 ognornal 
distribution  according  to  a  procedure  described  by  Kline 
<40t 106) . 

While  the  naintainabi 1 ity  prediction  nethods  described 
in  liIL-STD-472  are  nost  useful  at  relatively  late  stages  of 
the  weapon  systen  acquisition  process,  they  can  be  applied 
to  sons  extent  in  very  early  stages.  Experience  with 
existing  weapon  systens  can  often  be  adapted  to  produce 
usable  estinates.  In  a  recent  RW1  study,  the  Institute  for 
Defense  Analysis  concluded  that  the  nilitary  services  should 
institute  prograns  to  improve  the  accuracy  of  maintenance 
data  to  better  facilitate  maintainability  prediction 
<58: Sec  II,  ID.  The  prospect  for  future  improvement  in 
subsystem  maintainability  prediction  is  of  considerable 
significance  to  this  project,  since  subsystem  repair  time 
characteristics  are  principal  inputs  to  the  analytical 
methodology  presented  in  the  following  chapter. 


The  form  of  the  aggrcgati  repair  tine  distribution  -for 
an  aircraft  dspsnds  on  the  forms  of  its  subsystem  rmpair 
tins  distributions  and  also  on  thm  rslativm  frmqumncy  with 
which  diffmrmnt  subsystem  failures  occur.  At  any  point  in 
time,  an  item  (aircraft  or  subsystem)  can  either  be  in  an 
acceptable  state  or  an  unacceptable  state.  A  failure  occurs 
when  an  item  moves  from  an  acceptable  state  to  an 
unacceptable  state.  Time  to  failure  can  be  specifically 
defined  in  several  ways)  four  definitions  presented  by 
Graves  and  Keilson  <35« 17S)  are  paraphrased  below* 

1)  Failure  Time  from  the  Perfect  State*  The  time 
until  an  item  reaches  an  unacceptable  state  from  a  state 
in  which  all  components  are  new  and  working. 

2)  Post-Recovery  Failure  Time*  The  time  until 
an  item  returns  to  an  unacceptable  state  after  it  has 
just  moved  from  an  unacceptable  state  to  an  acceptable 
state. 

3)  Ergodic  Failure  Time*  The  time  until  an  item 
reaches  an  unacceptable  state  when  nothing  is  known  about 
the  past  performance  of  the  item  except  that  the  item  is 
currently  in  an  acceptable  state. 

4)  Quasi -Stationary  Failure  Time*  The  time  until  an 
item  reaches  an  unacceptable  state  from  an  acceptable 
state  when  the  item  has  been  in  an  acceptable  state  for  as 


long  as  anyone  can  rciwnbir.  This  differs  from  the  ergodic 
failure  tine  in  that  for  the  ergodic  failure  tine  the 
possibility  of  one  or  nore  recent  item  failures  is  not 
disnissed. 

The  definition  nost  relevant  to  this  project  is  Post- 
Recovery  Failure  Tine,  which  can  al ternatively  be  described 
as  "tine  between  failures."  Failure  Tine  fron  the  Perfect 
State  and  Quasi -Stationary  Failure  Tine  are  inappropriate 
definitions  because  they  apply  only  to  particular  classes  of 
aircraft  rather  than  a  general  population.  Ergodic  Failure 
Tine  is  an  inappropriate  definition  because  it  does  not  nake 
use  of  known  infornation  about  the  past  perfornance  of 
aircraf t. 

In  order  to  fern  an  aggregate  repair  tine  distribution 
for  an  aircraft,  it  is  necessary  to  deter nine  the 
distributional  forms  of  Post-Recovery  Failure  Tine  for  each 
subsystem.  Keilson  shows  that  Quasi -Stationary  Failure  Tine 
is  always  distributed  as  a  pure  exponential,  and 
that  both  Ergodic  Failure  Tine  and  Failure  Time  fron  the 
Perfect  State  are  exponential  in  the  limit  as  item 
reliability  increases  <38i90,143>.  The  limiting  behavior  of 
Post-Recovery  Failure  Time  is  complicated  by  the  presence  of 
jitter,  which  occurs  when  an  item,  having  just  recovered 
fron  an  unacceptable  state,  tends  to  oscillate  between 
acceptable  and  unacceptable  states  before  entering  the 
acceptable  state  for  an  extended  period.  For  highly 


reliable  system  with  a  high  probability  of  successful 
repair,  the  amount  of  jitter  is  very  small,  and  the  Post- 
Recovery  Failure  Time  approaches  an  exponential  form  as  item 
reliability  increases  <33t 187) .  This  suggests  that,  for 
highly  reliable  aircraft  such  as  the  Advanced  Tactical 
Fighter,  subsystem  failure  time  distributions  can  be 
accurately  modeled  with  exponential  forms. 

Throughout  this  project,  time  to  failure  for  an 
aircraft  or  subsystem  is  expressed  in  terms  of  a  number  of 
time-limited  operational  sequences  (sorties)  until  failure. 
The  exponent! ality  of  subsystem  failure  time  distributions 
for  highly  reliable  aircraft  thus  permits  calculation  of 
subsystem  sortie  reliabilities  which  remain  constant  for 
each  sortie  flown.  Subsystem  sortie  reliabilities  can  be 
calculated  as 

r4  »  P(si>l)  »  1  -  J"  (si/m1>  exp(-si/mi)dsi 

■  1  -  C-expC-l/nij )  +  13 
*  exp<-l/m^>  (3.1) 

where  ri  is  the  sortie  reliability  of  subsystem  i,  s^  is 
the  number  of  sorties  to  failure,  and  m^  is  the  mean  number 
of  sorties  between  failures.  Since  the  exponential 
distribution  has  the  memoryless  property,  the  subsystem 
reliabilities  can  be  applied  to  each  sortie  independent  of 
the  failure  history  of  previous  sorties. 


By  assuming  that  a  -failed  aircraft  will  arrive  with 


only  one  -failed  subsystem,  conditional  probabilities  can 
be  computed  to  represent  the  probability  that  any  subsystem 
has  -failed  given  the  aircraft  has  failed.  For  an  aircraft 
with  N  total  subsystems,  the  conditional  probability  of 
failure  for  any  subsystem  i  can  be  expressed  as 

N 

p.  -  <l-r.)/y]  (1-r.  )  (3.2) 

1  i-1 

The  probabilities  pi  can  be  used  to  form  a  probability 
density  function  (pdf)  for  the  aircraft  repair  time  as  a 
function  of  the  known  subsystem  repair  time  density 
functions.  Feller  (29: S2)  states  that  if  we  let  F  be  a 
cumulative  distribution  function  (CDF)  depending  on 
parameter  0  which  has  a  probability  density  u,  then 

F ( t )  *  f  F (t , 0 ) u ( 0 )d0  (3.3) 

is  a  monotone  function  of  t  increasing  from  zero  to  one  and 
hence  a  CDF  itself.  If  F(t,0)  has  a  continuous  probability 
density  function  f(t,0),  then  F(t)  has  a  density  function 
f (t)  given  by 


f(t)  =  (t,  0)u(0)d0  (3.4) 

00 

Feller  further  states  that  instead  of  integrating  with 

respect  to  density  u  we  can  sum  with  respect  to  a  discrete 

probability  distribution.  If  discrete  0, ,  0_, . . . ,  0*.  exist 

N  1  2  N 

such  that  p.£0  for  all  i  and  £  p  “1,  then 

i-1  1 
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LvV 
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N 

f (t)  -  £  f (t, 0  )p  (3.5) 

i-1  1  1 

defines  a  new  new  probability  density.  The  summation 
process  is  described  as  rmndomizmtion  and  the  resultant 
probability  density  function  is  termed  a  mixture  (29s53>. 

In  the  repair  time  problem*  the  single  -failure 
assumption  makes  the  subsystem  -failures  mutually  exclusive 
because  only  one  subsystem  will  -fail  given  the  aircraft  has 
failed.  The  subsystems  thus  represent  discrete  ^  with 
associated  probabi 1 i ties  p..  If  we  write  the  subsystem 
probability  densities  f(t,0.  )  as  simply  f^ft),  the  aircraft 
repair  time  pdf  can  thus  be  written  as  a  probabilistic 
mixture 


N 


*<t>  -  EPi+i(t> 
i-1 


(3.6) 


The  concept  can  be  extended  to  include  the  three  types  of 
maintenance  actions  (remove  and  replace*  repair  in  place*  an 
can  not  duplicate)*  which  are  also  mutually  exclusive.  Thus 

N  3 


1*1  j*l 


(3.7) 


lere  is  the  probability  that  maintenance  action  j 


required  given  subsystem  i  has  failed  and  f^  (t)  is  the 


repair  time  pdf  for  maintenance  action  j  on  subsystem  i. 
Alternatively*  Eq  (3.7)  can  be  written  as 

N  3 


f  (t)  «  V  V  p.  f .  (t) 

i-1  j-1  ij  ij 


(3.8) 
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where  p,  *p.q.  ..  It  is  important  to  not*  that  this  concept 

i  j  i  1  j 

could  be  applied  to  sub-components  of  subsystems  as  wel 1  as 
to  different  maintenance  actions.  In  fact,  components  at  any 
level  of  detail  could  be  aggregated  provided  the  overall 
system  reliability  is  sufficient  to  warrant  the  single 
failure  assumption. 

To  translate  the  closed  form  aircraft  repair  time  pdf 
into  more  useful  information,  we  can  analytically  compute  a 
mean  and  higher  order  moments.  The  mean  repair  time  t  is 
the  expected  value  of  the  aircraft  repair  time  T  and  can  be 
calculated  as 


E  (T) 
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tf  <t)dt 
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(3.9) 


or  the  weighted  sum  of  the  mean  repair  times  r for  each 
action  j  on  each  subsystem  i.  Higher  order  moments  of  the 
aircraft  repair  time  distribution  can  be  similarly 
calculated  as  the  weighted  sum  of  the  subsystem  higher  order 


moments 


To  calculate  the  second  central  moment  or  variance  y  o 


T,  we  can  use  the  computational  -formula 


y2  -  ECT2)  -  CE <T)  32 


<3. 10) 


Thus, 


9  /*®  o  9 

y  »  /  t  f(t)dt  -  CE <T) i 

•'  —  CO 

N  3 

«  y  y  P.  e(t.  2>  -  ce<t>dz  t3.u> 

i=l  j=l  1 J  1J 

or  the  weighted  sum  o-f  the  second  moments  minus  the  mean 
aircraft  repair  time  squared.  The  method  for  computing  the 
needed  second  moments  will  vary  with  the  particular  forms  of 
the  subsystem  distributions.  While  Eq  (3.11)  could  be  used 
to  aggregate  any  number  of  distributional  forms,  we  are 
particularly  interested  in  the  lognormal  and  exponential 
forms. 

For  a  lognormal  subsystem  repair  time  distribution,  the 
kth  moment  can  be  written  explicitly  as 


E(T.  k)  -  exp(ku.  +  k2a.  2/2) 
l  j  'i j  i  j 

so  the  second  moment  is 


(3. 12) 


E <T .  2>  -  exp(2M  2 a.  2>  (3.13) 

1  j  *  j  » J 

2 

(1*8)  where  ^  and  0^  are  the  distribution  parameters. 
These  parameters  are  not  the  mean  and  variance  of  the 
lognormal  distribution  itself.  The  mean  j.  .  is  the  first 


2 


moment  exp<u.  +  C.  /2)  and  the  variance  y.  is 
> j  ij  ij 

2  2  2 
exp  <2/4.  +2 <7.  >  — T.  .  The  parameters  /4.  and  a.  are 

Ij  Xj  lj  ij  ij 

easily  obtained  from  a  given  mean  and  variance  by  using  the 
formulas 


22  2  1/2 

a.  «  In  CT.  *<7.  *  ♦  T.  *>  <3.14) 

**j  ij  ij  ij 

(t.  2  -  In  CO.  2  +r.  2>/r.  23  <3.15) 

°ij  ij  ij  ij 

<41:260) . 

To  calculate  moments  for  an  exponential  repair  time 

distribution,  we  must  use  the  moment  generating  function 

M<t )  =  A  /  <  A .  -t2)  where  A.  is  the  reciprocal  of  the  mean 
i  j  i  j  i  j 

<4:406).  The  second  moment  is  the  second  derivative  of  the 
moment  generating  function  evaluated  at  t*0. 


m’  <t) 
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A.  /<  A.  -  t)2 
*  j  *  j 

<3.  16) 
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<3. 17) 
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m 

2  T.  2 

<3.  18) 

The  second  moments  calculated  in  Eqs  <3.13)  and  <3.18)  can 
be  substituted  into  Eq  <3. 11)  to  calculate  the  variance  of 
the  aircraft  repair  time  distribution. 

In  addition  to  the  distribution  mean  and  variance, 
other  information  of  interest  is  the  probability  that  a 
failed  aircraft  will  be  repaired  within  a  particular  period 
of  time  <30  minutes,  1  hour,  6  hours,  etc.).  This 


information  can  be  provided  by  the  aircraft  repair  ti 


cumulative  distribution  -function.  Unfortunately,  the 
aicraft  repair  time  CDF  does  not  have  a  closed  form  because 
it  is  a  mixture  including  lognormal  distributions,  which 
have  no  closed  form  (41:164).  However,  the  CDF  F(t)  can  be 
described  by  the  equation 
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(3.19) 


where  F.  (t)  are  the  cumulative  distribution  functions  of 
1  i 

the  subsystem  repair  time  distributions.  The  exponential 
subsystem  CDFs  have  the  closed  form 


F.  J<t>-  1  -  exp<-t/Tij),  1 20 


(3.20) 


and  the  lognormal  components  can  be  computed  as  definite 
integrals  of  the  form 

F.  (t)  -  f  <l/Lt(X.  (2ir)1/23>  expt-  (In  t  -  fi.  )2  /2<T.  2Jdt, 
ij  J  *  j  *  J  *  J 


t>0 


(3.21) 


(1:8).  Implementation  of  Eq  (3.21)  on  a  computer  would 
require  the  use  of  a  numerical  Integration  technique  to 
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calculate  the  probability  of  repair  within  a  particular  time 
period.  A  more  efficient  approach  would  be  to  take 
advantage  of  the  fact  that  the  CDF  F.^(t)  of  a  lognormal ly 
distributed  subsystem  repair  time  T.^  can  be  expressed  in 
terms  of  the  standard  normal  CDF.  If  X  is  a  random  variable 
distributed  normally  with  mean  0  and  variance  1,  then 


Fij(t)  -  PCexp(X)  i  1 3 
-  P<X  i  In  t) 

■  F.  (In  t> 

ijX 

■  0C  (In  t  -  fl.  >/<r.  _ 

1  j  i  j  J 


(3.22) 


where  0  represents  the  standard  normal  CDF  (4i 160) .  A 
subroutine  for  returning  0  for  any  values  of  t  of  interest 
could  thus  be  used  in  place  of  a  time-consuming  numerical 
integration  routine. 

Computer  Implementation 

The  first  part  of  the  Repair  Time  Distribution  Model 
listed  in  Appendix  B  implements  the  analytical  method  for 
forming  an  aggregate  repair  time  distribution.  The  program 
analytically  computes  aircraft  reliability,  mean  repair 
time,  and  repair  time  variance.  It  also  computes  and  plots 
values  for  the  analytical  repair  time  pdf  and  CDF  at  user- 
specified  time  intervals  up  to  a  user -spec if led  maximum 
time.  Appendix  A  thoroughly  describes  the  logic  of  each 


applicable  subroutine  and  function 


Several  algorithms  were  consi dvr ad  for  use  in  function 
SNORM,  which  returns  standard  normal  cumulativm 
probabilities  for  us*  in  determining  the  values  of  lognormal 
CDFs.  One  algorithm  recommended  by  the  Association  for 
Computing  Machinery  computes  a  definite  integral  with  the 
aid  of  Simpson’s  formula  <8iSec  226,2).  This  method  would 
seem  to  offer  no  speed  advantage  over  a  direct  numerical 
integration  of  the  subsystem  distribution  itself.  Another 
algorithm,  developed  by  Thatcher  (62i313>,  computes  the 
integral  using  a  Taylor  series  expansion.  This  method  is 
very  accurate  but  is  not  as  fast  as  a  method  developed  by 
Ibbetson  (37i616).  The  I b bet son  algorithm  calculates  the 
cumulative  probability  through  the  use  of  a  ninth  order 
polynomial  approximation  if  IXi  /2<1.0  and  a  thirteenth  order 
polynomial  approximation  if  (X|  /2>1.0.  The  algorithm  is 
reasonably  accurate,  and  very  fast,  making  it  the  most 
suitable  method  for  our  purposes  since  the  input  data  is  of 
limited  accuracy  (8iSec  226,2). 


General  Approach 


This  project  employs  a  simulation  model  in  a  somewhat 
unique  fashion.  Although  simulation  is  empirical  in  nature 
and  therefore  inherently  inexact,  a  simulation  model  is  used 
to  produce  a  baseline  repair  time  distribution  against  which 
an  analytical  distribution  is  compared.  The  analytical 
distribution  is  known  to  be  an  approximation  of  the  "real 
solution"  since  it  is  based  on  the  single  failure 
assumption.  Unfortunately,  simulation  can  also  only  produce 
an  approximation  of  the  "real  solution,"  and  there  is  no  way 
to  positively  measure  the  degree  of  imprecision  (61il3). 
However,  statistical  theory  asserts  that  the  accuracy  of  the 
repair  time  distribution  produced  by  a  simulation  model  will 
increase  as  the  number  of  observations  contributing  to  the 
distribution  increases.  We  can  place  tight  limits  on  the 
parameters  of  the  real  distribution  with  a  high  level  of 
confidence  by  making  a  very  large  number  of  observations! 
that  is,  by  passing  a  large  number  of  aircraft  through  the 
simulation.  Unfortunately,  this  requires  a  large  amount  of 
computer  time.  A  primary  objective  of  the  design  of  the 
simulation  model  then  is  to  minimize  the  amount  of  computer 
time  needed  to  process  a  large  number  of  observations.  This 
objective  must  be  accomplished  both  to  produce  a  reasonably 
precise  repair  tine  distribution  based  on  multiple  subsystem 
failures  and  to  ensure  a  fair  comparison  of  the  analytical 


and  simulation  mthods  -for  computational  efficiency 


Thm  rmquirmmmnt  for  a  "fast"  simulation  demands  careful 
attention  to  the  manner  in  which  the  model  is  constructed. 
Computer  languages  specifically  designed  for  simulation 
offer  considerable  flexibility  and  ease  of  programming  but 
do  not  always  use  the  most  efficient  methods  for  specific 
purposes.  For  example,  the  method  used  for  generating 
lognormal  random  variates  in  the  Simulation  Language  for 
Alternative  Modeling  language  (SLAM)  has  been  shown  to  be 
much  slower  than  newer,  more  elegant  methods  (S4tS90, 
39*895).  For  this  reason,  a  unique  simulation  model  is 
developed  in  this  project  and  implemented  in  the  FORTRAN 
computer  language. 

MggsL  A<;cur+gY  and.  S*WPl9  Size 

The  assumption  that  the  time  between  failures  for  all 
subsystems  have  exponential  distributions  is  extremely 
helpful  in  producing  a  precise  output  distribution.  The 
memoryless  property  of  the  exponential  distribution 
effectively  makes  each  observation  independent  of  any  that 
precede  or  follow  it.  We  can  therefore  place  confidence 
limits  on  parameters  of  the  output  repair  time  distribution 
based  on  multiple  independent  observations  within  a  single 
run  of  the  simulation.  For  a  large  sample  size,  confidence 
limits  for  the  mean  repair  time  can  be  approximated  as 


-  *  i/2 

T  ±  *a/2n/n  }  <4*13 


with  confidence  l- a  wh ere  T  is  the  saapla  eean,  z  a/2  is 
tha  percentage  point  of  tha  standard  noraal  distribution  for 
cuaulativa  probability  >  is  tha  saapla  standard 

deviation,  and  n  is  tha  nuabar  of  observations  <43i310>. 
Confidanca  liaits  for  the  variance  of  tha  repair  tiaa 
distribution  can  be  approx iaated  aa 

C  Cn-ll*2/*2  (n-l)>2/X2L  3  (4.2) 

2  2 

where  X  and  x  are  percentage  paints  of  the  Chi -squared 
distribution  as  shown  in  Figure  4.1  (4Si329>.  For  a  saapla 
size  greater  than  thirty,  the  expression  <2x2) l/2-(2n-l> 1/2 
has  approxiaataly  a  standard  noraal  distribution  <6i233>. 
Thus,  a  need ad  percentage  point  of  a  Chi-squared 
distribution  can  be  coaputed  according  to  the  foraula 

X2a  -  Cza  ♦  (2 n  -  l)1/232  (4.3) 

where  za  is  the  percentage  point  of  the  standard  noraal 
distribution  for  cumulative  probabilty  1 -a. 


2  2 

Figure  4.1.  Locations  of  x  .  and  x  ,,  on  the  Chi-squared 
Distribution 
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Confidence  limits  -for  thm  proportion  of  repairs 
complmtmd  within  a  particular  period  of  time  can  also  bm 
established.  The  value  of  a  CDF  at  any  repair  time  is 
simply  the  proportion  of  failed  aircraft  that  will  be 
repaired  within  that  time.  If  n  is  the  total  number  of 
failed  aircraft  in  a  sample  and  G  is  the  underlying  <but 
unknown)  proportion  that  will  be  repaired  with  a  specified 
time  period,  then  the  sample  proportion  g  will  be 
approximately  normally  distributed  with  mean  G  and  standard 
error  equal  to  (GH/n) 1/2  where  H«l-G  (30* 13) .  An 
approximate  100(l-a)X  confidence  interval  for  a  value  of  a 
CDF  therefore  consists  of  all  those  values  of  G  satisfying 


C | g  —  G |  -  1/ (2n) 1  t  (GH/n) 1/2  £  zQ/2  (4.4) 

where  g  is  the  sample  proportion,  l/(2n)  is  a  correction  for 

continuity,  and  za/2  denotes  the  percentage  point  of  the 

standard  normal  distribution  for  cumulative  probability  l-«/2 

(30s 14).  The  limits  of  this  interval  are  found  by  solving 

the  quadratic  equation  obtained  by  setting  the  square  of  the 

2 

left-hand  side  of  Eq  (4.4)  equal  to  z0/2  *  Defining  g*l-h, 
the  lower  limit  is  given  explicitly  by 


(2ng+zQ/2-l)  -  za/2Cza/2-(2+  l/n)+4g (nh+1 ) 3 1/2  ^ 

2<n  ♦  za/2) 


and  the  upper  limit  by 


Differentiation  of  tha  expression  for  6^-6^  with  raspact  to  g 
r avails  that  tha  widast  confidanca  intarval  occurs  at  g>O.S. 

It  is  dasirabla  to  salact  a  saaple  siza  n  that  will 
provida  a  raasonably  saall  confidanca  intarval  for 
siaulation  CDF  valuas  without  expanding  axcassiva  coaputar 
tiaa.  Figure  4.2  presents  a  plot  of  tha  aaxiaua  width  of 
tha  confidence  interval  as  a  function  of  saaple  size.  It  is 
apparent  froa  tha  plot  that  a  decrease  in  the  width  of  tha 
intarval  becoaes  very  expensive  once  tha  saaple  siza 
increases  beyond  40,000  failed  aircraft.  This  saaple  size, 
which  provides  a  aaxiaua  confidanca  interval  width  of  less 
than  0.01  with  93X  confidanca,  is  used  throughout  the 
project. 

QodsL  Ganitructign 

For  every  aircraft  sortie  generated  in  the  siaulation 
eodel ,  each  aircraft  subsystea  must  be  exaained  for  possible 
failure.  Thus,  for  each  subsystea  i,  a  randoa  variate 
froa  an  exponential  distribution  must  be  generated  to 
determine  the  number  of  sorties  until  failure  of  the 
subsystea.  The  fastest  method  for  generating  the  required 
exponential  randoa  variates  in  FORTRAN  is  the  inverse- 
transfora  method  <41*254).  This  method  is  based  on  equating 


a  randoa  number  R  distributed  uniformly  froa  0  to  1  with  a 


cumulative  distribution  -function  F^(s^)  of  an  exponential 
distribution  as  followsi 

R  ■  Fi<si>  ■  1  -  exp  <-si/«4>  <4. 7) 

where  «4  is  the  mean  of  the  distribution.  It  follows  that 

exp<— s^/m^)  “  1  —  R 

-s^/nij  ■  ln<l-R> 

s4  -  -m.  ln(l-R)  <4. 8) 

Since  R  and  (1-R)  have  the  same  distribution,  a  subtraction 
operation  can  be  eliminated  by  simply  generating  the 
exponential  random  variate  S4  according  to  the  equation 

S4  -  -mt  InCR)  (4.9) 

If  S4  is  less  than  1.0  in  the  simulation,  a  failed 
subsystem  has  been  found  and  another  random  number  must  be 
obtained  to  determine  which  maintenance  action  is  required. 
If  q4j  is  the  probability  action  j  is  required  where 
or  3,  then  another  random  number  R  can  be  used  to  determine 
which  action  is  required  according  to  Table  4.1.  Once  the 
appropriate  action  is  determined,  the  subsystem  repair  time 
must  be  determined  by  obtaining  a  random  variate  from  the 
repair  time  distribution  for  action  j  on  subsystem  i.  If 
the  repair  time  distribution  is  exponential,  the  repair  time 
can  be  determined  using  the  inverse-transf orm  method.  If 
the  repair  time  distribution  is  lognormal,  a  more 


complicated  procedure  must  be  used 


Since  a  lognormal  variate  is  a  random  variate  whose 

logarithm  is  distributed  normally)  then  if  Y  is  distributed 

2 

normally  with  mean  n  and  variance  a  ,  it  -follows  that  exp(Y) 

2 

is  distributed  lognormal ly  with  parameters  m  and  a  .  We  can 

thus  generate  a  lognormal  random  variate  L  -from  a  normal 

random  variate  Y  using  the  equation  L=exp(Y).  Further, 

given  X  distributed  normally  with  mean  0  and  variance  1, 

we  can  obtain  Y  by  applying  the  trans-f ormation  Y=«/*-M7X 

(41:258).  We  can  therefore  generate  a  lognormal  random 

2 

variate  L  with  parameters  H  and  O  from  a  standard  normal 
random  variate  X  using  the  relationship 


L  *  exp  < /x  +  dX> 


(4. 10) 


Since  the  cumulative  distribution  function  of  the  standard 
normal  distribution  does  not  have  a  closed  form,  the  inverse 
transform  method  can  not  be  used  to  generate  X  from  a  random 
number  R.  Consequently,  many  alternative  methods  have  been 
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dtvilopad  for  generating  standard  normal  random  variates. 
Traditional  methods  considered  for  use  in  this  project 
include  the  Box -Mu 1 1 er  method  (2i315)  and  the  "polar"  method 
(41x260),  which  are  simple  and  reasonably  efficient. 

Recently,  faster  methods  have  been  developed  by  Marsaglia 
and  Bray  (42x260),  and  Kinderman  and  Ramage  (39:893).  These 
methods  use  very  si  flip le  procedures  to  return  approximate 
standard  normal  variates  i*ost  of  the  tiflM,  occassional ly 
employing  sophisticated  correcting  operations.  Still 
another  approach,  developed  by  Beasley  and  Springer,  uses 
a  simple  nuiflerical  approximation  to  the  standard  normal  CD F. 
Beasley  and  Springer  argue  that  while  elegant  approaches 
such  as  the  Marsaglia-Bray  and  Ki nder flian-Ramage  methods  are 
dominant  when  programmed  in  machine  language,  a  numerical 
method  is  comparable  for  speed  when  working  in  a  higher 
level  language  such  as  FORTRAN  (5x120). 

When  the  five  methods  mentioned  above  are  implemented 
on  the  VMS/VAX  computer  employed  by  this  project,  the 
Beasley-Springer  numerical  method  enter  gars  as  the  aiost 
efficient.  It  should  be  pointed  out  that  the  relative 
speeds  of  the  different  methods  are  highly  dependent  on  the 
particular  random  number  generator  employed  since  the  methods 
require  varying  quantities  of  random  numbers  to  generate 
standard  normal  random  variates.  VMS  FORTRAN  has  a  built-in 
random  number  generator  function  RAN,  which  originated  with 
IBM's  old  scientific  package  (63xSec  D, 12) .  Because  this 


random  number  generator  is  coded  in  machine  language,  it  is 
very  -fast,  and  the  sophisticated  methods  of  liar  sag  1  ia-Bray 
and  Kinder man-Ramage  are  favored  when  it  is  employed. 
Unfortunately,  this  particular  generator  has  been  shown  to 
have  some  undesirable  statistical  properties,  and  it  is 
therefore  unusable  (41:225).  The  random  number  generator 
used  in  this  project  is  a  fast  FORTRAN  multiplicative 
generator  RAND  developed  by  Schrage  and  recommended  by  Law 
and  Kelton  (41:227).  Using  this  random  number  generator, 
the  Beasley-Springer  method  for  producing  standard  normal 
variates  is  about  17  per  cent  faster  than  the  Kinderman- 
Ramage  method. 

The  method  developed  by  Beasley  and  Springer 

approximates  the  standard  normal  CDF  curve  with  rational 

approximations  over  two  regions.  Where  |xl<0.42,  the  curve 

2  2 

is  approximated  by  x*Q  A(Q  )/B(q  )  where  0=43-0.5  and  A  and  B 

are  polynomials  of  degrees  3  and  4  respectively.  For  the 

tail  region,  x  is  formed  as  x=»+C(v)  /D(v>  where  v  is  an 

1  /2 

auxiliary  variable  v=Cln  (0.5-|Q|)l  and  C  and  D  are 
polynomials  of  degrees  3  and  2  respectively.  In  a  test  of 
10,000  random  variates,  a  maximum  error  of  0.00000114  was 
produced  (5:119).  Thus,  the  numerical  approximation 
accurately  produces  standard  normal  random  variates,  which 
are  then  used  in  the  simulation  to  generate  lognormally 
distributed  subsystem  repair  times. 

The  subsystem  repair  times  generated  from  random 


variates  are  used  to  produce  an  empirical  probability 
density  function  and  cumulative  distribution  function  for 


aircraft  repair  time.  In  forming  the  multiple  failure 
distribution,  the  repair  time  for  each  failed  aircraft  is 
simply  the  maximum  repair  time  of  all  failed  subsystems.  We 
can  concurrently  form  a  single  failure  repair  time 
distribution  by  storing  the  repair  time  of  the  subsystem 
that  failed  "first")  that  is,  the  subsystem  with  the 
smallest  number  of  sorties  (less  than  1.0)  until  failure. 

The  single  failure  distribution  is  useful  for  comparison 
with  the  analytical  distribution  to  verify  that  the 
simulation  is  functioning  properly  and  to  present 
information  about  the  amount  of  random  error  in  the 
simulation. 

Computer  Implementation 

The  second  phase  of  the  Repair  Time  Distribution  Model 
listed  in  Appendix  B  implements  the  simulation  method. 
Appendix  A  provides  a  detailed  description  of  each  routine. 
In  order  to  obtain  the  smallest  possible  confidence 
intervals  on  the  output  repair  time  parameters  (mean, 
variance,  and  CDF  values),  two  different  implementation 
strategies  should  be  considered.  Confidence  limits  can  be 
established  from  a  single  long  run  of  the  model,  or  from 
multiple  shorter  runs.  Using  the  ATF  reliability  and 
maintainabi 1 i ty  data  in  Table  1.1,  a  single  long  run  of 
40,000  observations  consumes  19.86  minutes  of  CPU  time  and 


■four  Multiple  runs  o-f  10,000  observations  require  a  combined 
total  o-f  24.13  CPU  minutes.  While  the  total  run  times  are 
comparable,  the  maximum  CDF  confidence  interval  Midth 
produced  by  the  single  long  run  for  (0.00983)  is  less  than 
half  that  resulting  from  the  four  short  runs  (0.0249)  for 
<**0.05. 

To  verify  that  the  implementation  is  functioning 
properly,  the  single  failure  distribution  produced  by  the 
simulation  can  be  compared  with  the  analytical  single 
failure  distribution.  The  sample  output  in  Appendix  C 
indicates  almost  exact  conformity  between  the  two  single 
failure  results  for  distribution  mean,  variance,  and  CDF 
values.  The  simulation  multiple  failure  distribution  has  a 
slightly  higher  mean,  and  thus  appears  to  provide  a  valid 
basis  against  which  the  analytical  distribution  can  be 


compared 


Comparison  Criteria 

To  determine  the  accuracy  and  applicability  o-f  the 
analytical  method,  the  results  of  the  analytical  method  must 
be  compared  with  the  results  of  the  simulation  method  over  a 
wide  range  of  subsystem  reliability  and  maintainability 
characteristics.  Several  alternate  approaches  are  possible 
for  comparing  the  analytical  single  failure  distribution  and 
the  simulation  multiple  failure  distribution  for  overall 
aircraft  repair  time.  One  approach  is  to  compare  central 
moments  of  the  distributions  (mean,  variance,  skewness, 
Kurtosis,  etc.).  Unfortunately,  higher  order  central 
moments  would  be  extremely  difficult  to  calculate  for  the 
analytical  distributions.  Another  approach,  which  is 
perhaps  more  meaningful,  is  to  compare  the  cumulative 
distribution  functions  of  the  two  distributions  over  the 
full  range  of  possible  repair  times.  The  cumulative 
distribution  function  has  a  practical  meaning  in  that  it 
represents  the  percentage  of  aircraft  that  can  be  repaired 
in  a  particular  time  period. 

Comparison  of  the  two  CDf s  under  varying  conditions 
would  be  most  meaningful  if  the  difference  between  them 
could  be  described  in  terms  of  a  single  numerical  index. 
Whenever  theoretical  and  empirical  distributions  are 
compared,  an  accepted  practice  is  to  use  a  test  statistic 


for  goodness-of-f it  as  a  maiur>  of  disparity.  Candidate 
test  statistics  include  the  Chi— squared  statistic, 
Kolomgornov-Smirnov  <KS>  statistic,  Anderson-Darling  (AD) 
statistic,  and  Cramer-von  Mises  (CvM)  statistic  (64*241). 

The  Kolomgornov-Snirnov  statistic  provides  the  following 
advantages  over  the  others. 

1)  The  KS  statistic  uses  ungrouped  data  so  that  every 
observation  represents  a  point  of  comparison,  while  the  Chi- 
squared  test  requires  the  data  to  be  grouped  in  arbitrary 
cells.  The  choice  of  group  boundaries  would  introduce  an 
element  of  variability  between  comparisons  using  different 
maintainability  characteristics. 

2)  The  KS  statistic  uniformly  weights  deviations  over 
the  full  range  of  the  repair  time  distribution,  while  the  AD 
statistic  increases  weighting  in  the  tails.  Since  the  tails 
of  the  distribution  have  no  more  practical  significance  than 
the  center,  the  weighting  appears  undesirable  for  the 
purposes  of  this  project. 

3)  The  KS  statistic  can  be  used  to  measure  deviations 
in  a  given  direction,  while  the  Chi-squared,  AD  and  CvM 
statistics  can  be  used  only  for  deviations  in  both 
directions  (25*22).  Since  for  any  repair  time  the  value  of 
the  corresponding  multiple  failure  cumulative  probability 
should  always  be  less  than  the  single  failure  cumulative 
probability,  the  KS  statistic  will  provide  a  stronger 
indication  of  disparity. 


4)  The  KS  statistic  has  a  practical  meaning  in  that  it 
rsprasants  ths  max i mum  difference  b«tw««n  ths  CDF*  of  ths 
t mo  distributions  ovsr  ths  full  rangs  of  repair  times. 

While  the  CvM  statistic  also  has  a  recognizable  meaning  in 
that  it  is  based  on  the  sum  of  the  squared  differences 
between  distributions  at  each  observation,  the  meaning  of 
the  KS  statistic  is  more  obvious  and  practically 
significant. 

Based  on  the  above  reasons,  the  Kol omgor nov-Smi r nov 
statistic  (maximum  difference  between  CDFs)  is  used  to 
compare  the  analytical  and  simulation  repair  time 
distributions.  This  statistic  is  comprised  of  the  sum  of 
the  actual  maximum  difference  between  CDFs  and  an  error  term 
introduced  by  the  empirical  nature  of  the  simulation 
distribution.  The  error  term,  however,  is  minimal  due  to 
the  large  sample  size  employed  by  the  simulation  model. 

Experimental  Ptfjgp  ftntlYWUl 

Relevant  Factors.  To  determine  how  the  disparity 
between  single  and  multiple  failure  distributions  is 
influenced  by  reliability  and  maintainability 
characteristics,  multiple  computer  runs  of  the  analytical 
and  simulation  models  must  be  performed  using  different 
levels  of  various  relevant  factors.  The  most  obvious  factor 


that  would  influence  the  disparity  between  distributions  is 
the  overall  reliability  of  the  aircraft.  Lower  subsystem 
reliabilities  increase  the  probability  of  multiple  failures. 


and  thus  the  potential  magnitude  of  disparity  between 
distributions.  Another  factor  to  be  considered  is  the 
variability  of  subsystem  reliabilities.  An  aircraft 
with  a  given  overall  reliability  could  have  subsystem 
reliabilities  that  are  similar  or  that  vary  over  a  wide  range. 
This  variability  could  influence  the  amount  of  disparity 
between  single  and  multiple  failure  distributions.  Still 
another  potentially  influential  consideration  is  the  nature 
of  the  subsystem  repair  time  distributions.  If  all 
subsystem  distributions  had  the  same  mean  and  zero  variance, 
any  multiple  failure  repair  time  would  be  exactly  the  same 
as  any  single  failure  repair  time.  However,  when  system 
repair  time  can  vary  significantly  from  repair  to  repair,  a 
substantial  disparity  between  the  single  and  multiple 
failure  repair  time  distributions  is  possible.  Variability 
of  overall  system  repair  time  can  be  modeled  by  varying  the 
subsystem  repair  time  variances  over  a  wide  range. 

Screening  Design.  Three  factors  have  been  identified 
as  potentially  relevant  to  the  amount  of  disparity  between 
the  analytical  single  failure  distribution  and  the 
simulation  multiple  failure  distribution! 

A)  Overall  system  reliability 

B)  Variability  among  subsystem  reliabilities 

C)  Variances  of  subsystem  repair  time  distributions 
Because  of  the  relatively  long  run  time  required  to  produce 
a  reasonably  accurate  simulation  distribution,  the  number  of 
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■factor  1  awl s  that  can  be  examined  and  th«  number  of 
replications  that  can  be  produced  are  lieited.  Fortunately f 
it  is  reasonable  to  expect  changes  in  any  factor  level  in 
one  direction  to  always  iapact  the  KS  statistic  in  the  same 
direction.  For  example,  a  decrease  in  overall  reliability 
would  be  expected  to  always  cause  an  increase  in  the  KS 
statistic  regardless  of  the  original  reliability  level.  It 
is  therefore  reasonable  to  screen  the  potentially  relevant 
factors  for  significance  by  Measuring  the  KS  statistic  at 
various  combinations  of  two  extreme  factor  levels.  A  23 
factorial  design  accomplishes  this  most  efficiently. 

Implementation  of  the  factorial  design  measures  the 
three  main  factor  effects  (A,  B,  C)  and  also  four 
interaction  effects  <AB,  AC,  BD,  and  ABC).  In  order  to  test 
the  effects  for  statistical  significance  without  assuming 
any  effects  to  be  negligible  a  priori ,  some  replication 
of  the  design  is  necessary.  A  twin  replication  can  be  used 
to  introduce  another  factor  that  need  not  impact  the  amount 
of  disparity  between  CDFs  but  has  a  significant  impact  on 
measures  of  operational  effectiveness,  namely t 

D>  Means  of  subsystem  repair  time  distributions 
If  the  high  and  low  levels  of  the  subsystem  repair  time 
variances  are  specified  as  multiples  or  proportions  of  the 
mean  repair  times,  uniform  scaling  of  the  mean  repair  timies 
will  have  no  impact  on  the  amount  of  disparity  between 
single  and  multiple  failure  CDFs.  Thus,  sets  of  computer 


runs  at  high  and  low  1 tvcl s  of  factor  D  can  bt  treated  as 
raplications  for  dataraining  significanca  of  factor  af facts 


on  tha  KS  statistic.  Howavar ,  tha  coaputar  aodal  usad  to 
iaplaaant  tha  factorial  dasign  includas  a  post— procassor , 
discussad  in  Chaptar  VI,  which  translatas  tha  analytical  and 
siaulation  CDFs  into  aircraft  avai labi 1 itias  and  sortia 
ganaration  ratas.  Thasa  paraaatars  ara  sansitiva  to 
subsystaa  aaan  rapair  tiaas,  and  ara  usad  latar  in  tha 
project  to  idantify  tha  dagraa  of  disparity  batwaan 
distributions  necassary  to  produca  noticabla  dif f arancas  in 
■aasuras  of  oparational  ef f acti vanass. 

Production  of  twin  raplications  of  tha  23  factorial 
dasign  requires  sixtaan  coaputar  runs.  It  is  i sport ant  to 
nota  that  runs  for  low  raliability  lavals  ax pond 
considorably  lass  coaputar  tiaa  than  runs  for  high 
raliability  lavals  bacausa  fawar  total  aircraft  aust  ba 
procassad  in  tha  siaulation  to  produca  tha  raquirod  saapla 
siza  of  40,000  failad  aircraft. 

Serf  Ping  Factor  Lavals.  Tha  factor  lavals  usad  in  tha 
dasign  runs  ara  sat  at  extreae  valuas  of  thair  ralavant 
rangas.  Tha  proposad  ATF  raliability  lavals  ara  an  ordar  of 
aagnituda  abova  tha  subsystaa  ral iabil itias  of  currant 
aircraft  and  ara  usad  as  an  uppar  bound.  A  logical  lower 
bound  for  this  factor  is  current  raliability  data  for  tha 
operational  F-1S  and  F-16  fighters.  We  would  expect  tha 
actual  ATF  subsystaa  reliability  lavals  to  lie  soaewhere 


fattwn  thnc  extr 


m  as  the  ditign  is  developed.  Table 


S. 1  compares  the  ATF  and  F-15/16  reliability  data. 

Table  S.l 

Mean  Sort i as  Between  Failurss  for  F-15/16  and  ATF  Subsyst 


Subsystem  Code 

F— 13/16  MSBF 

ATF  MSBF 

11 

13.20 

133.00 

12 

23.77 

241.00 

13 

14.76 

149.00 

23 

13.94 

141.00 

24 

16.34 

163.00 

41 

41.17 

207.00 

42 

26.  18 

417.00 

44 

68.87 

700.00 

43 

44.74 

450.00 

46 

16.66 

168.00 

47 

102.40 

1000.00 

49 

334.10 

3300.00 

31 

47.35 

480.00 

33 

710.20 

7200.00 

62 

2000.00 

63 

46.76 

475.00 

64 

973.00 

63 

115.70 

1600.00 

71 

61.42 

622.00 

74 

3.60 

36.30 

73 

7.84 

BO.  OO 

76 

29.  14 

295.00 

97 

1136.00 

11000.00 

Mean 

133.39 

1337.48 

Variance 

71370.39 

6308276.78 

Std.  Dev. 

267. IS 

2311.63  ! 

5 

2.00 

1.88 

Determining  axtrama  1 avals  for  factor  B,  tha 
variability  between  subsystem  reliabilities,  presents  a  more 
difficult  problem.  A  low  factor  level  of  zero  variability 


can  be  obtained  by  making  all  subsystem  reliabilities  equal. 
The  subsystM  Man  sorties  between  -failures  (MSBF)  can  be 
set  to  a  coaeon  value  that  produces  an  overall  aircra-ft  MSBF 
equivalent  to  the  MSBF  resulting  from  the  actual  varied 
subsystem  reliabilities.  This  common  value  m£  is  not  the 
simple  Man  o-f  the  subsystem  MSBFs  but  can  be  calculated  as 

N 

a  -  -1  /  Unt  n  exp  (-1/m.  >3>  (5.1) 

c  i-1 

where  N  is  the  number  o-f  subsystems  and  a^  is  the  MSBF  for 
subsystem  i.  For  the  high  level  of  factor  B,  it  is  desirable 
to  find  a  way  of  indexing  the  variability  so  that  the 
ATF  and  F-1S/16  factors  are  in  some  sense  "equivalent"  at 
their  high  levels.  Table  5.1  shows  that  the  variability  for 
the  two  data  sets  is  in  no  way  equivalent  when  Masured  by 
conventional  indexn  such  as  variance  or  standard  deviation. 
However ,  it  is  apparent  that  the  coefficients  of  variation 
(6*standard  deviation /Man)  are  similar.  Note  also  that  the 
F-15/F-16  data  does  not  include  MSBF  estimates  for  subsystems 
62  and  64  becauM  most  operational  aircraft  do  not  have 
these  subsysteM.  By  using  duMy  values  of  231.63  and  112.92 
for  MSBFs  of  subsystems  62  and  64,  the  coefficients  of 
variation  for  two  data  sets  can  be  made  identical  (6*1.88). 

The  high  and  low  levels  of  factor  C,  subsystem  repair 
time  variances,  are  set  to  encompass  a  very  wide  range  of 
values.  Nhile  the  variances  among  subsystem  repair  tiMs 
for  current  weapon  systeM  (relative  to  their  Mans)  have 


bMn  shown  to  be  fairly  consistent,  exceptions  have  been 
identified  <32t56).  The  future  variances  of  ATF  subsystee 
repair  times  are  therefore  somewhat  uncertain.  To  ensure 
adequate  range  of  this  factor  in  the  screening  design, 
factor  C  is  varied  an  order  of  magnitude  above  and  below  the 
ATF  estimates  in  Table  1.1.  For  the  high  level  of  factor  C, 
variance  values  of  ten  tines  the  subsystem  mean  repair  times 
are  used.  For  the  low  factor  level,  values  of  one— tenth  the 
mean  repair  times  are  used.  To  permit  manipulation  of  the 
variances,  all  subsystem  repair  time  distributions  are 
assumed  to  be  lognormal. 

The  subsystem  mean  repair  times  provided  in  Table 
1.1  reflect  current  F-1S  data  and  are  used  to  represent  the 
high  level  of  factor  D,  subsystem  mean  repair  times.  To 
allow  for  the  possibility  of  substantial  improvements  in  the 
maintainability  of  ATF  subsystems,  the  low  level  for  factor 
C  is  obtained  by  setting  the  subsystem  mean  repair  times  to 
one-fourth  the  values  provided  in  Table  1.1.  This  range  of 
values  will  provide  an  indication  of  the  impact  of  subsystem 
mean  repair  times  on  measures  of  operational  effectiveness. 

Screening  Results.  To  produce  the  sixteen  data  bases 
required  by  the  experimental  design,  a  special  FORTRAN 
program  is  used  to  transform  a  single  master  data  set  into 
the  sixteen  input  data  files.  Then  the  Repair  Time 
Distribution  Model  listed  in  Appendix  B  is  run  using  each 
data  file  to  produce  and  compare  analytical  and  simulation 


repair  time  distributions.  The  results  of  the  sixteen 
required  runs  are  shown  in  Table  5.2.  The  small  letters  in 
the  "Factor  Levels"  column  indicate  which  -factors  are  set 
at  their  high  level  for  the  correspondi ng  run.  For  Run  1 , 
all  factors  are  set  at  their  low  levels,  as  indicated  by  the 
convent ion  "  ( 1 ) . " 


Table  S.2 


Screening  Design  Results 


Replication  1 


Factor  Maximum  CDF 
Levels  Difference 


0. 1304 
0.0110 
0. 1150 
0.0121 
0. 1232 
0.0147 
0.1181 
0.0108 


Replication  2 


Factor  Maximum  CDF 
Levels  Difference 


d 

cd 

bd 

abd 

cd 

acd 

bed 

abed 


0.1308 
0.0150 
0.1165 
0.0099 
0. 1293 
0.0156 
0.1169 
0.0165 


From  the  results  in  Table  5.2,  it  is  apparent  that  the 
reliability  characteristics  of  the  systems  examined  have  a 
far  more  significant  impact  than  the  subsystem  repair  time 
variances  since  the  results  appear  very  similar  for  each 
group  of  four  runs  within  each  replication  (1-4,  5-8,  9-12, 
13-16).  These  groups  represent  different  levels  of  factors 
C  and  D.  The  dominant  effect  of  factors  A  and  B  is 
confirmed  by  a  formal  analysis  of  variance  (ANOVA) ,  which 


determines  factor  effects  and  tests  thee  for  statistical 
significance.  Significance  of  an  effect  is  determined  by 
calculating  the  ratio  of  the  mean  square  error  due  to  factor 
effects  over  the  mean  square  error  due  to  random  error.  As 
discussed  in  Montgomery  <46i 50) ,  this  ratio  has  an  F 
distribution  and  is  therefore  a  test  statistic  for  the 
hypothesis  of  no  difference  in  factor  level  means.  The 
ANOVA  results,  shown  in  Table  5.3,  indicate  that  factor  A, 
factor  B,  and  the  AB  interaction  effects  are  highly 
significant  with  factor  C  and  its  interactions  having 
virtually  no  effect  over  the  ranges  examined.  The  critical 
values  of  the  F  statistic  for  oao.01  and  «*0. 03  are  listed 
at  the  bottom  of  the  table. 

Table  5.3 

Factor  Effects  and  ANOVA  for  Screening  Design 


Sot  of 

Iftan  Squaro 

Sourct 

Efftct 

Squirts 

DOF 

Error 

F  Statistic 

mm 

-0.1042 

0.0434 

1 

0.0434 

268369.6330  t 

-4.4425E-03 

7.9657E-05 

1 

7. 9633E-05 

492.0964  1 

5.762SE-03 

1.3283E-04 

1 

1.3289E-04 

820.3700  8 

-1.3730E-04 

7.5423E-08 

l 

7.362SE-08 

0.4672 

M 

1.8750E-04 

1.4043E-07 

1 

I.4063E-07 

0.8687 

IK-3 

-2.6250E-O4 

2.7542E-07 

l 

2.7363E-07 

1.7028 

2, 1230E-04 

1.8063E-07 

1 

1.B063E-07 

1.1139 

Error 

1.2950E-06 

§ 

1.6I87E-07 

Total 

0.04363 

13 

Graphic  Analysis.  Sine*  only  factors  A  and  B  have  a 
statistically  significant  impact,  it  is  possible  to 
graphically  illustrats  ths  sffset  of  thssm  factors  on  thm 
amount  of  disparity  between  thm  analytical  and  simulation 
distributions.  If  thm  offsets  worm  strictly  linmar,  a 
thoroughly  descriptivm  plot  could  bm  construct ad  using 
output  from  complmtsd  simulation  runs.  However,  knowlmdgm 
of  thm  naturm  of  thm  factor  offsets  could  bm  improvmd  by 
making  additional  runs  at  additional  factor  lmvmls.  Onm 
approach  would  bo  to  mako  additional  runs  involving  third 

lmvmls  of  both  factors  A  and  B.  Fivm  now  runs  could  bo  used 

2 

in  addition  to  thm  mxisting  runs  to  providm  runs  at  all  3  *9 
combinations  of  factor  lmvmls.  Howovor,  Tablo  9.3  indicatms 
that  factor  A  has  a  far  mors  significant  offset  than  Factor 
B.  For  this  reason,  new  runs  arm  mads  at  three  new  lmvmls 
of  factor  A  and  no  new  lmvmls  of  factor  B.  Thm  runs  at  new 
levels  of  factor  A  arm  made  at  existing  high  and  low  values 
of  factor  B  for  a  total  of  six  new  runs.  Factors  C  and  D 
arm  set  at  thm  rmprmsmntati vm  values  shown  in  Table  1.1. 

For  each  new  level  of  factor  A,  it  is  necessary  to 
determine  subsystem  MSBFs  associated  with  that  factor  level. 
A  constant  level  of  the  coeffienct  of  variation  (factor  B) 
can  be  maintained  by  multiplying  all  subsystem  MSBF  by  some 
constant.  Table  5.1  indicates  that  the  F-15/16  subsystem 
MSBFs  are  all  reasonably  close  to  one-tenth  of  the  ATF 
subsystem  MSBFs.  A  new  level  of  factor  A  can  therefore  be 


determined  without  changing  the  high  level  of  Factor  B  by 


multiplying  ATF  subsystem  MSBFs  by  a  constant  having  a  value 
between  0.1  and  1.0.  Values  of  0.3,  O.S,  and  0.73  are  chosen 
to  define  the  three  new  levels.  To  determine  subsystem 
MSBFs  for  the  low  level  of  Factor  B,  Eq  (3.4)  can  again  be 
applied  to  determine  a  common  MSBF  for  all  subsystems. 

Table  3.4  summarizes  the  results  of  the  six  new  runs 
using  the  new  combinations  of  factor  levels.  These  results 
are  plotted  with  the  results  of  the  previous  runs  in  Figure 
3.1.  In  the  previous  runs,  the  low  level  of  factor  A 
corresponds  to  an  overall  system  MSBF  of  0.9413  sorties  and 
the  high  level  of  factor  A  corresponds  to  a  MSBF  of  9.5324. 
The  two  lines  in  Figure  3.1  represent  the  two  levels  of 
factor  B.  Note  that  while  the  effect  of  factor  B  is 
statistically  significant  when  measured  at  two  factor 
levels,  in  Figure  5.1  it  appears  to  have  little  practical 
impact  compared  to  the  impact  of  Factor  A.  This  is 

Table  5.4 

Results  of  Additional  Runs 


Run 

Aircraft  MSBF 
(factor  A> 

5 

(factor  B) 

Maximum  CDF 
Difference 

17 

2.8397 

0.00 

0.0433 

18 

4. 7662 

0.00 

0.0267 

19 

7. 1943 

0.00 

0.0196 

20 

2.8397 

1.88 

0.0416 

21 

4.7662 

1.88 

0.0244 

22 

7. 1943 

1.88 

0.0167 

0.0  2.0  4.0  6.0  B.O  10. 


Overall  Aircraft  Reliability  (ffSBF) 


Figure  S. 1.  Maxieue  COF  Difference  vs.  Aircraft  MSBF 
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•specially  true  considering  the  fact  that  the  effect  of 


distributional  form  ars  summarized  in  Tabls  5.5.  The 
values  shown  for  the  lognormal  form  represent  the  range  of 
values  for  the  four  runs  made  at  each  combination  of  factor 
levels  for  factors  A  and  B. 

Table  5.S 


Sensitivity  to  Form  of  Repair  Time  Distributions 


Maximum  CDF  Difference 

Lognormal 

Exponential 

Factors  A  and  B  low 
Factors  A  and  B  high 

0.1232  —  0.1308 
0.0099  —  0.0165 

0. 1273 
0.0147 

Table  S.S  indicates  that  there  is  no  substantial 
difference  between  the  results  using  the  exponential  vs.  the 
lognormal  form  for  subsystem  repair  time  distributions.  The 
exponential  results  fall  wel 1  within  the  ranges  of  results 
for  lognormal  distributions,  indicating  that  any  change 
caused  by  the  exponential  forms  is  of  a  magnitude  no  greater 
than  the  level  of  random  error  in  the  simulation.  Since  the 
exponential  distribution  is  shaped  differently  than  the 
lognormal  distribution,  there  is  no  reason  to  believe  the 
results  shown  in  Figure  5.1  are  particularly  sensitive  to 
forms  of  the  subsystem  repair  time  distributions. 

Another  variable  that  might  be  of  interest  is  the 


amount  of  "grouping"  of  the  subsystem  reliabilities.  While 
the  effect  of  changes  in  the  variability  of  subsystem 


reliabilities  has  bssn  prsviously  examined,  a  constant 
“spread"  of  this  variablity  between  subsystems  has  bssn 
Maintained.  To  examine  the  sffset  of  grouping,  the 
subsystsas  can  bs  randoaly  divided  into  two  groups*  one 
group  with  high  reliabilities  (a^SOOO.O)  and  one  group  with 
low  reliabilities  ^*50. 0).  An  additional  computer  run 
using  these  subsystea  reliabilities  yields  an  overall 
aircraft  reliability  of  4. 1254  MSBF  and  a  aaxiaua  CDF 
difference  of  0.0300.  Since  the  grouped  reliabilities  have 
a  coefficient  of  variation  of  0.9802,  interpolation  using 
Figure  S. 1  yields  an  expected  aaxiaua  CDF  difference  of 
about  0.029.  This  coapares  vary  favorably  to  the  0.030 
aaxiaua  CDF  difference  obtained  froa  the  grouped  data,  and 
the  results  suaaarized  in  Figure  5.1  are  apparently 
insensitive  to  grouping  in  subsystea  reliabilities. 

Qcrrtgtiqn  Eicfccr 

The  previous  analysis  indicates  that  the  applicability 
of  the  single— fai lure  analytical  method  can  be  determined 
with  reasonable  confidence  simply  by  determining  the  overall 
reliability  of  the  weapon  system.  The  effects  of 
maintainability  characteristics  (mean  and  variance  of 
subsystem  repair  time  distributions)  are  statistically 
insignificant  over  a  wide  range  in  a  factorial  analysis. 
While  the  effect  of  variability  between  subsystea 
reliabilities  is  statistically  significant,  it  has  no 
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practical  impact  compared  to  the  impact  of  overall  syatM 
reliability.  The  possibility  therefore  exists  that  the 
analytical  method  could  be  applied  to  less  reliable  systems 
by  performing  some  adjustment  operation  on  a  single  failure 
CDF  for  the  system.  This  adjustment  need  only  reflect  the 
overall  system  reliability. 

The  results  summarized  in  Figure  S. 1  indicate  a 
nonlinear  strictly-convex  relationship  between  overall 
aircraft  liSBF  the  maximum  difference  between  the  analytical 
and  "actual "  CDFs.  The  shape  of  the  curve  suggests  that  an 
approximate  linear  relationship  may  exist  between  the 
maximum  CDF  difference  and  a  logarithmic  or  reciprocal 
transformation  of  the  aircraft  MSBF.  Another  possibility 
worth  investigating  is  the  relationship  between  the  maximum 
CDF  difference  and  the  aircraft  reliability  r  (probability 
of  no  subsystem  failures).  Figure  5.2  illustrates  the  most 
linear  of  these  relationships*  the  maximum  CDF  difference 
vs.  the  reciprocal  of  the  aircraft  MSBF.  The  relationship 
can  be  approximated  nicely  with  a  least -squares  linear 
regression  equation* 

M  -  0.00141  +  0.1066  (1/m)  (5.2 

where  M  is  the  maximum  CDF  difference  and  m  is  the  overall 
aircraft  MSBF.  Only  the  results  for  runs  at  the  high  level 
of  factor  B  are  used  in  the  regression  since  the  high  level 
is  representati ve  of  the  data  for  existing  weapon  systems 


While  Eq  (S.2)  can  be  appliad  to  dataraina  tha  naximua 
amount  tha  analytical  CDF  must  ba  corractad  by  to  represent 
tha  "actual "  distribution,  it  is  nacassary  to  apply  a 
cor  r  act  ion  at  avary  point  o-f  intar  ast  on  tha  CDF  rathar  than 
just  tha  point  of  naximua  difference.  Thara-fora,  for  an 
adjustaant  oparation  to  ba  usaful,  it  is  naccassary  to 
daaonstrata  a  consist ant  relationship  betwaan  tha  naximua 
difference  and  tha  difference  at  other  points  over  tha  full 
range  of  repair  tines.  Tha  comparison  portion  of  tha  Repair 
Tina  Distribution  Modal  output  provides  tha  nacassary 
information.  For  each  run,  values  of  tha  difference  between 
analytical  and  simulation  CDFs  are  listed  over  tha  range  of 
repair  tines  in  increments  of  0.05  on  the  simulation  CDF. 

Figure  5.3  shows  various  plots  of  tha  amount  of  CDF 
difference  as  a  function  of  tha  value  of  tha  analytical  CDF. 
Tha  runs  plotted  raprasant  a  variety  of  factor  levels  and 
conditions  examined  in  tha  sensitivity  analysis.  Note  that 
tha  shape  of  tha  difference  function  is  extremely  consistent. 
Tha  shapes  are  almost  exactly  identical  for  tha  runs  at  low 
reliability  levels.  At  high  reliability  levels,  tha  shapes 
are  quite  jagged  because  tha  maximum  difference  is  small  and 
magnifies  the  effect  of  random  error.  However,  the  general 
form  is  the  same  under  all  condi tionsi  the  difference  function 
is  strictly-concave  and  reaches  its  maximum  just  above  the 
median  of  the  analytical  CDF.  This  difference  function  can 
be  used  to  adjust  any  analytical  CDF  over  its  full  range. 


0.1181 


0.0165 


0.0  1.0 

Polynomial  Approximation 


Figurm  5.3.  Plots  of  thm  Diffmrmncm  Function 

(CDF  Diffmrmncm  vs.  Analytial  CDF) 


To  dncribi  the  difference  function  MthHMtically, 

CDF  difference  results  of  computer  runs  3,  7,  11,  and  15  are 

ragrttscd  using  ths  BMDP  polynomial  rsgrsssion  program.  Tha 

value  of  each  CDF  diffsrsncs  used  is  tha  ragrassion  is 

transformed  to  a  proportion  of  tha  maxiaua  CDF  diffaranca 

for  its  associated  run.  Only  runs  at  low  reliability  levels 

are  used  since  random  error  has  minimal  influence  in  these 

runs  and  we  are  most  interested  in  performing  a  correction 

for  less  reliable  systems.  A  polynomial  regression  equation 

with  a  very  large  number  of  terms  could  be  generated,  but 

substantial  reduction  in  the  coefficient  of  determination 

2 

ceases  beyond  a  third  order  equation  (R  *0.99831).  The  last 
plot  in  Figure  3.3  is  generated  using  the  resulting 
regression  equations 

K  *  -0.00134  +  3.2372  6  -  1.8399  G2  -  1.3974  G3  (5.3) 

where  K  is  the  correction  factor  (proportion  of  maximum 
difference)  and  G  is  the  value  of  the  analytical  CDF.  Thus, 
to  produce  an  adjusted  CDF,  the  maximum  CDF  difference  must 
be  determined  from  the  overall  system  MSBF  using  Eq  (5.2). 
Then,  for  each  point  of  interest  on  the  CDF,  Eq  (5.3)  must 
be  applied  to  determine  the  correction  factor.  The  value  of 
the  correction  factor  times  the  maximum  CDF  difference 
(K  x  M)  must  then  be  subtracted  from  the  analytical  CDF 
to  produce  an  adjusted  value  of  the  CDF  at  that  point. 

Because  of  the  consistent  nature  of  the  difference 


■function,  the  correction  operation  can  be  perforned  to  Make 
the  single  failure  assumption  apply  to  a  system  o-f  any 


reliablity  level  over  the  range  studied.  It  is  important  to 
point  out  that  other  assumptions  are  made  in  developing  the 
analytical  model  <e.g.  simultaneous  subsystem  repairs  and 
exponentially  distributed  subsystem  failures).  Care  should 
be  taken  to  examine  the  applicability  of  these  assumptions 
in  applying  the  modified  analytical  method  to  less  reliable 
systems,  such  as  existing  aircraft. 

Cawputgtigngl  Efficiency  Comparison 

Table  5.6  presents  a  summary  of  the  amount  of  computer 
core  processing  time  used  by  the  analytical  and  simulation 
methods  to  form  an  aggregate  repair  time  distribution.  The 
time  used  by  operations  common  to  both  methods,  such  as 
reading  and  transforming  the  input  data,  is  excluded  from 
the  comparison.  The  times  in  Table  5.6  represent  the 
average  times  for  all  runs  made  using  the  high  and  low 
subsystem  reliability  levels.  While  the  simulation  method 
uses  considerably  less  computer  time  at  low  reliability  than 


Table  5.6 

CPU  Time  Comparison  (seconds) 


Low  Reliability 

High  Reliability 

Analytical  Method 
Simulation  Method 

0.703 

186.360 

0.702 

1080. 159 
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at  high  reliability  levels,  the  analytical  Method  uses  such 
less  tiee  than  the  sioulation  method  under  any  conditions. 
The  analytical  method  could  clearly  be  feasibly  implemented 
on  a  mi crocomputer .  Such  implementation  does  not  appear 
practical  for  simulation  method,  particularly  for  analysis 
of  highly  reliable  aircraft  such  as  the  Advanced  Tactical 
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In  order  to  apply  the  methodology  of  this  project  to 
reliability  and  maintainability  allocation  decisions,  it  is 
necessary  to  translate  the  aggregate  aircraft  repair  time 
distribution  into  accepted  measures  o-f  operational 
effectiveness.  Such  measures  include  aircraft  availability 
and  sortie  generation  capability.  It  is  intuitively  clear 
that  decreasing  the  mean  of  an  aircraft  repair  time 
distribution  Mill  improve  the  operational  effectiveness 
realized  by  the  aircraft  if  no  other  changes  in  the 
distribution  occur.  However,  the  impact  of  changes  in  other 
distribution  characteristics  (variance, skewness,  etc.)  is 
not  intuitively  discernable.  Furthermore,  the  impact  may 
vary  Mith  the  particular  concept  of  operations  envisioned 
for  the  aircraft.  It  is  therefore  necessary  to  develop  a 
model  that  will  combine  the  aircraft  repair  time 
distribution  and  concept  of  operations  to  produce  valid 
measures  of  operational  effectiveness. 

The  aircraft  concept  of  operations  must  consider 
several  factors.  An  operational  unit  consisting  of  a  fixed 
number  of  aircraft  launches  sorties  according  to  a  daily 
schedule.  This  schedule  is  constrained  by  many  factors 
other  than  unscheduled  maintenance,  such  as  scheduled 
maintenance  and  mission  planning  constraints.  Furthermore, 
whenever  an  aircraft  returns  from  a  sortie,  it  must  undergo 
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rout  in*  "turn-around"  operations,  such  as  refueling  and 
reloading  of  Munitions,  before  it  can  begin  another  sortie. 
Another  consideration  particularly  applicable  to  a  fighter 
aircraft  is  the  concept  of  a  "sortie  launch  window." 
Tactical  fighter  operations  typically  consist  of  daylight 
Missions,  and  the  vast  Majority  of  sorties  are  therefore 
f 1 own  in  a  daily  tie*  "window"  of  daylight  hours.  The 
iepact  of  this  window  concept  is  significant  because  it 
perMits  use  of  the  non-window  time  to  correct  aircraft 
Malfunctions  without  affecting  the  sortie  generation  rat*. 

5gn«r»V  Approach 

The  factors  discussed  above  coMplicate  the  protol em  of 
translating  the  analytical  repair  time  distribution  into 
measures  of  operational  effectiveness.  One  approach  to  the 
problem  would  be  the  use  of  Monte  Carlo  simulation.  A 
simulation  model  could  be  constructed  using  random  variates 
to  determine  aircraft  arrival  times,  failure  rates,  and 
repair  times.  However,  use  of  simulation  at  this  stage  of 
the  analysis  would  reintroduce  the  disadvantages  avoided  by 
the  use  of  the  analytical  method  for  forming  an  aggregate 
repair  time  distribution.  For  example,  the  improvement  in 
computational  efficiency  realized  by  using  the  analytical 
method  would  be  partly  lost. 

A  unique  approach  that  can  incorporate  all  of  the 
necessary  concepts  without  resorting  to  Monte  Carlo 


techniques  is  a  "deterministic  simulation"  based  on  a 


model  already  developed  by  the  ATF  System  Program  Office 
(SO).  The  central  idea  of  the  model  is  that  the  movement  of 
aircraft  from  on  status  to  another  (e.g.  flying  a  sortie  to 
being  repaired)  can  be  modeled  as  a  continuous  flow.  At 
discrete  points  in  time,  the  quantities  of  aircraft  in  each 
status  can  be  counted.  These  quantities  can  in  turn  be 
used  to  determine  the  aircraft  availability  and  sortie 
generation  rate  at  each  discrete  point  in  time.  If  the 
interval  between  the  points  of  time  is  sufficiently  small, 
the  average  values  for  these  discrete  availabilities  and 
sortie  generation  rates  will  approximate  the  theoretical 
values  for  the  entire  time  period  examined.  The  effect  of 
launch  constraints  not  caused  by  unscheduled  maintenance  can 
be  modeled  by  restricting  the  number  of  aircraft  that  can  be 
launched  during  each  time  interval  between  time  points. 

Also,  the  effect  of  a  sortie  launch  window  can  be  modeled  by 
preventing  launches  in  a  time  interval  if  that  interval 
falls  outside  the  launch  window. 

Ptscription  al  Model 

At  any  point  in  time,  an  aircraft  will  be  in  one  of 
four  states.  It  will  either  be  flying  a  sortie,  undergoing 
turn  operations,  undergoing  repairs,  or  waiting  for  launch 
in  a  ready  condition.  In  each  interval  between  time  points 
examined,  aircraft  may  change  from  one  state  to  another  in 
accordance  with  the  relationships  illustrated  in  Figure  6.1. 


Sine*  we  arm  intwMtid  in  calculating  average  theoretical 
values,  tha  aovaaant  batwaan  stataa  naad  not  ba  rastrictad 
to  whola  numbers  of  aircraft.  Portions  of  aircraft  can  ba 


moved  froa  ana  stata  to  anothor  in  accordance  with  tha 
probability  associated  with  that  aovaaant.  For  example,  if 
an  aircraft  design  produces  a  probability  of  failure  of 
0.30,  three-tenths  of  a  single  aircraft  returning  froa  a 
sortie  will  enter  tha  repair  stata  and  sevan-tenths  of  tha 
aircraft  will  iaaadiataly  enter  tha  turn  stata. 


Figure  6.1.  Relationship  of  Aircraft  States 


A  key  eleeent  of  tha  aodal  is  tha  method  used  to  move 
aircraft  quantities  from  tha  repair  stata  to  tha  turn  state. 
Tha  analytical  repair  time  CDF  produced  by  tha  analytical 
method  is  presented  in  a  numerical  form.  Valuas  of  tha  CDF 
are  provided  for  various  points  of  time  in  constant  fixed 
intervals.  If  these  interval  widths  are  selected  to 
coincide  with  the  interval  widths  used  in  the  operational 
effectiveness  model,  probability  of  movement  from  the  repair 
to  turn  state  in  a  single  time  interval  can  easily  be 


obtained.  The  probability  of  movement  in  the  interval 


between  repair  time  and  repair  tiee  i»  sinply  the 
difference  in  cumulative  probabilities  associated  with  the 
two  times  <F<t  j>-F<t2>  >. 

To  implement  the  repair  time  interval  probabilities  on  a 
computer,  the  probabilities  can  be  stored  in  an  array  whose 
elements  represent  each  time  interval.  The  number  of 
elements  in  the  array  can  be  established  by  determining  the 
number  of  time  intervals  necessary  to  reach  a  total 
cumulative  probability  very  near  to  1.0.  The  probability 
associated  with  the  last  interval  can  then  be  set  equal  to 
1.0  minus  the  cumulative  probability  associated  with  the 
upper  bound  of  the  previous  interval.  Table  6.1  presents  a 
simplified  example  of  computations  for  repair  time  interval 
probabilities  using  0.9  hour  time  intervals. 

In  order  to  track  the  quantity  iyf  aircraft  in  any  state 
at  any  point  in  time,  state  arrays  must  be  established  for 
the  sortie,  turn,  and  repair  states.  The  number  of  elements 
in  the  repair  state  array  will  be  equal  to  the  number  of 
elements  in  the  repair  time  probability  array,  thus 
maintaining  a  one-to-one  correspondence.  If  we  assume  that 
sortie  and  turn  times  are  constant,  the  number  of  elements 
in  the  sortie  and  turn  state  arrays  will  be  equal  to  the 
state  duration  divided  by  the  time  interval  width.  For 
example,  using  a  0.9  hour  interval  and  a  2.0  hour  constant 
sortie  duration,  the  sortie  state  array  will  contain  four 
elements.  The  example  shown  in  Figure  6.2  illustrates  the 
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Tima  (t) 

F(t ) 

0.00 

0.000 

0.50 

0.037 

1.00 

0.248 

1.50 

0.480 

2.00 

0.667 

2.50 

0.802 

3.00 

0.890 

3.50 

0.943 

4.00 

0.973 

4.50 

0.986 

Probability 


In  implementing  the  operational  ef f ecti vcnns  modal, 
tima  must  ba  ad van cad  in  tha  specified  tima  incramant  up  to 
a  spacifiad  maximum  tima.  At  each  tima  increment,  aircraft 
quantities  must  move  through  tha  state  arrays  or  from  one 
state  to  another.  In  tha  example  in  Figure  6.2,  if  5.0 
aircraft  are  launched  at  tima  t,  they  are  placed  in  tha 


fourth  (last)  element  of  tha  sortie  state  array.  Tha  5.0 


Repai r 

Array 

Elements 


Interval 


Figure  6.2.  Movement  of  Aircraft  Quantities  Between  States 
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aircraft  move  to  the  third  element  of  the  sortie  state  array 
at  time  t+0.5,  to  the  second  element  of  the  array  at  t+1.0, 
and  to  the  first  element  of  the  array  at  time  t+1.3.  At 
time  t+2.0,  the  aircraft  leave  the  sortie  state  array.  If 
aircraft  reliability  is  0.70,  3.50  aircraft  (5.0  x  0.70) 
enter  the  last  element  of  the  turn  array  and  1.50  aircraft 
enter  the  repair  array.  Each  element  of  the  repair  array 
receives  a  quantity  of  aircraft  equal  to  1.50  times  the 
repair  time  interval  probability  associated  Mith  the  array 
element. 

At  any  point  in  time  examined,  all  aircraft  leaving  the 
repair  array  immediately  enter  the  last  element  of  the  turn 
array.  In  the  example  in  Figure  6.2,  the  aircraft  turn  time 
is  1.0  hours  (two  array  elements).  All  aircraft  leaving  the 
turn  array  are  added  to  an  existing  quantity  of  ready 
aircraft,  some  of  which  may  immediately  enter  the  last 
element  of  the  sortie  array  in  accordance  with  launch 
constraints.  If  the  current  time  is  not  in  the  sortie 
launch  window,  no  aircraft  enter  the  sortie  array.  If  the 
quantity  of  aircraft  in  the  ready  state  is  less  than  the 
maximum  quantity  of  permitted  launches  per  interval,  all 
aircraft  in  the  ready  state  enter  the  last  element  of  the 
sortie  array  and  the  quantity  of  ready  aircraft  is  reduced 
to  zero.  If  the  quantity  of  aircraft  in  the  ready  state  is 
greater  than  the  maximum  permitted  launch  quantity,  the 
maximum  permitted  launch  quantity  enters  the  last  element  of 


the  sortie  array  and  the  quantity  of  ready  aircraft  is 
reduced  accordingly.  In  the  vxaapla  in  Figure  6.2,  the 


maximum  permitted  launch  quantity  is  5.0  aircraft  and  the 
sortie  launch  Mindotm  is  open  16.0  hours  a  day. 

For  any  point  in  time,  an  aircraft  availability  can  be 
calculated  as  the  sue  of  the  quantities  of  aircraft  in  the 
sortie  and  ready  states  divided  by  the  total  number  of 
aircraft  in  the  operational  unit.  This  computation  requires 
a  determination  of  the  total  quantities  of  aircraft  in  each 
array  at  each  time  increment.  To  determine  the  average 
availability  for  the  entire  period  considered  by  the  model, 
the  availabilities  at  each  time  increment  can  be  iteratively 
summed  and  then  divided  by  the  total  number  of  time 
intervals  examined.  To  determine  the  average  daily  sortie 
generation  rate,  the  quantities  of  aircraft  entering  the 
sortie  state  during  each  time  interval  can  be  iteratively 
summed  and  then  divided  by  the  number  of  days  in  the  period 
considered  by  the  model. 

CPffPUfrtr  Implementation 

The  last  portion  of  the  Repair  Time  Distribution  Model 
listed  in  Appendix  B  performs  the  operational  effectiveness 
translation.  Appendix  A  provides  detailed  documentation. 

The  translation  is  performed  twice  in  the  programi  once 
using  the  analytical  single  failure  repair  tine  distribution 
and  once  using  the  simulation  multiple  failure  distribution. 
The  analytical  aircraft  reliability  includes  the  possibility 


of  Multiple  failures  and  is  used  in  each  case 


In  addition  to  providing  an  average  aircraft 
availability  and  sortie  generation  rate,  the  iepleeented 
program  also  lists  the  minimum  availability  encountered 
among  all  the  time  increments  examined.  To  indicate  hot* 
aircraft  status  and  availability  fluctuate  over  time, 
current  availability,  sortie  generation  rate,  and  quantities 
of  aircraft  in  each  state  are  presented  at  points  in  tine 
which  are  separated  by  a  user — specif ied  tine  interval. 

Also,  an  average  repair  rate  is  computed,  which  is  the  sum 
of  all  aircraft  quantities  entering  the  repair  state  divided 
by  the  the  total  number  of  days  in  the  period  considered  in 
the  model. 

TrqpilsUqn  Model  Results 

Typical  Output.  The  sample  output  in  Appendix  C 
presents  operational  effectiveness  results  using  the  ATF 
data  in  Table  1.1.  The  repair  time  CDF  is  computed  for  tine 
increments  of  0.2  hours  up  to  a  maximum  repair  time  of  8.0 
hours.  A  2.4  hour  sortie  tine  is  used  to  reflect  2.0  flying 
hours  and  an  additional  0.4  hours  for  ground  operations 
(engine  start,  ground  checks,  taxi-out,  and  taxi-back).  The 
aircraft  normal  turn  time  for  refueling  and  reloading  is  0.4 
hours.  The  concept  of  operations  employs  a  16.0  hour  sortie 
launch  window,  with  the  flow  of  aircraft  restricted  to  2.0 
launches  per  0.2  hour  increment  (10.0  launches  per  hour). 


Sine*  the  mx i nun  possible  repair  time  is  no  greater  than 
the  daily  amount  of  time  outside  the  sortie  launch  window, 
the  average  availability  and  sortie  generation  rate  is 
identical  for  each  day  of  operations.  Thus,  to  verify  that 
the  model  is  operating  properly,  operational  effectiveness 
calculations  are  performed  for  a  48.0  hour  period. 
Operational  effectiveness  results  are  presented  in  2.0  hour 
time  increments. 

The  results  in  Appendix  C  indicate  a  negligible 
difference  in  measures  of  operational  effectiveness  for  the 
single  and  multiple  failure  repair  time  distributions  when 
ATF  reliability  and  maintainability  data  are  used.  Average 
aircaft  availability  is  0.8661  for  the  analytical  single 
failure  CDF  and  0.86S5  for  the  simulation  multiple  failure 
CDF,  a  difference  of  only  about  0.07  per  cent.  The  sortie 
generation  rate  is  5.5070  for  the  single  failure  distributon 
and  5.5028  for  the  multiple  failure  distribution, 
representing  a  difference  of  only  0.08  per  cent.  The  single 
failure  assumption  is  therefore  clearly  appropriate  for  the 
purposes  of  supporting  reliability  and  maintainability 
allocation  decisions  for  the  ATF  under  the  hypothesized 
concept  of  operations. 

EfLCtBC  Analysis.  The  results  from  the 
experimental  design  presented  in  Chapter  V  can  be  used  to 
examine  the  effect  of  various  relevant  factors  on  measures 
of  operational  effectiveness  and  on  the  applicability  of 


th«  single  -failure  assumption.  Each  run  of  the  design 
includes  computation  of  an  aircraft  availability  and  sortie 
generation  rate  using  the  concept  of  operations  described 
above  <16.0  hour  sortie  launch  window  and  maximum  launch 
rate  of  10.0  aircraft  per  hour).  The  following  factors  are 
included  in  the  experimental  designi 

A)  Overall  aircraft  reliability 

B)  Variability  among  subsystem  reliabilities 

C)  Variances  of  subsystem  repair  time  distributions 

D)  Means  of  subsystem  repair  time  distributions 

In  order  to  test  the  factors  for  statistical  significance 
using  a  single  replicate  of  the  design,  it  is  necessary  to 
assume  the  effect  of  certain  higher  order  interactions  to  be 
negligible  <46:274).  By  assuming  third  and  fourth  order 
effects  are  insignificant,  they  can  be  used  to  represent 
random  error.  The  main  effects  and  two-term  interactions 
can  then  be  tested  for  statistical  significance. 

Table  6.2  summarizes  the  effects  of  each  factor  on 
the  aircraft  availability  and  sortie  generation  rate 
produced  from  a  multiple  failure  repair  time  distribution. 
Critical  values  of  the  F  statistic  for  a *0.05  and  a»0.01  are 
shown  below  the  table.  While  several  main  effects  and 
interactions  appear  statistically  significant,  it  is 
apparent  that  the  dominant  effects  are  exerted  by  factor  A 


<aircraft  reliability)  and  factor  D  (subsystem  mean  repair 


ti 


) 


Table  6.2 


Factor  E-f -facts  on  Measures  o-f  Operational  Effectiveness 


Aircraft  Availability 

Sortie  6eneratioa  Rate 

Factor 

Effect 

F  Statistic 

Effect 

F  Statistic 

A 

0.1186 

36439.0724  II 

1.0053 

11707.2720  II 

B 

3.0625E-05 

24.2610  It 

0.0218 

5.5044  I 

Al 

-2.2375 

12.9504  I 

-0.0159 

2.9190 

C 

-6.6250E-04 

1.1353 

0.0490 

27.8662  II 

AC 

3.1B75E-03 

26.2820  It 

-8.5750E-03 

0.8516 

BC 

1.2500E-05 

4.0418E-04 

1.0000E-04 

1.1S82E-04 

B 

-0.07594 

14916.6035  It 

-0.5770 

3855.7915  It 

AD 

0.0519 

6971.0988  It 

0.3826 

1695.4675  II 

■El 

1.3B73E-3 

6.5190  1 

0.0106 

1.3199 

■1 

3.162SE-04 

25.8713  It 

0.0468 

25.3412  II 

II  F(O.Ol)  *  21.20 
I  F (0. OS)  >  6.61 


F&gura  6.3  graphically  dapicts  tha  a-f -f act  of  aircraft 
raliability  and  aaan  rapair  tiaa  on  aircraft  availability. 
Tha  two  sets  of  plots  on  tha  graph  raprasant  tha  two 
different  lavals  of  aaan  rapair  tiaa.  Tha  solid  plot  in 
aach  sat  dapicts  tha  single  failure  case,  and  tha  dashed 
plot  dapicts  the  aultiple  failure  case.  Tha  curvi linearity 
of  tha  plots  is  established  froa  additional  runs  of  tha 
analytical  aathod  using  interaediate  reliability  levels. 

An  interesting  result  apparent  froa  Figure  6.3  is  that 
iaprovement  in  aircraft  reliability  yields  a  substantially 
decreasing  aarginal  return  in  availability.  If  availability 
is  used  as  a  aeasure  of  operational  af f acti venass  and  tha 
affect  of  queuing  delays  is  not  considered,  iaproveaent  in 


Aircraft  Reliability  (MSBF) 

Figure  6.3.  Aircraft  Availability  va.  Aircraft  Reliability 
and  Mean  Repair  Tiee 

reliability  beyond  5.0  HSBF  does  not  appear  justified  for 
the  hypothesized  concept  of  operations.  Reduction  in  Mean 
repair  tiee  appears  to  offer  considerable  benefit, 
particularly  at  low  reliability  levels.  In  addition.  Figure 


6.3  indicates  that  the  single  -failure  assumption  appears  to 
have  little  influence  on  availability  results  for  this 
concept  of  operations  unless  the  aircraft  reliability  is  low 
and  the  mean  repair  time  is  high. 

Figure  6.4  presents  sieilar  results  for  the  aircraft 
sortie  generation  rate.  The  lower  group  of  plots  depicts 
the  hypothesized  concept  of  operations.  Significant 
interaction  of  the  reliability  and  maintainability  factors 
is  again  apparent.  Reliability  improvement  again  offers 
diminishing  marginal  returns  and  mean  repair  time  exerts 
noticable  influence. 

The  effects  of  reliability  and  maintainability 
characteristics  on  an  aircraft  sortie  generation  rate  are 
greatly  influenced  by  the  concept  of  operations.  For  this 
reason,  an  additional  group  of  plots  is  presented  for  a 
totally  unrestricted  operating  scenario.  In  this  scenario, 
the  sortie  launch  window  is  open  24.0  hours  a  day  and  no 
restrictions  are  placed  on  the  number  of  launches  per  time 
interval.  The  results  shown  represent  the  average  sortie 
generation  rate  realized  over  a  thirty  day  period. 

The  single  failure  plots  for  the  new  scenario  reflect 
the  results  of  additional  runs  of  the  analytical 
methodology.  The  multiple  failure  plots  are  produced  using 
the  correction  factor  technique  described  in  Chapter  V. 

The  plots  indicate  that  removal  of  launch  constraints 
not  related  to  unscheduled  maintenance  results  in 
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amplif  i  cat  ion  of  the  offset  of  RM1  factors  on  sortis 
generation  capability.  Also,  ths  plots  indicato  that  the 
impact  of  the  single  failure  assumption  becomes  particularly 
significant  at  low  reliability  levels  under  the  unrestricted 
concept  of  operations. 

mrii-tittf  BmuLc  lie*  Piftrjfrgtign  Baste! 

To  facilitate  application  of  the  project  methodology  to 
ATF  reliability  and  maintainability  allocation  decisions, 
the  modified  computer  program  listed  in  Appendix  D  is 
provided  to  permit  rapid  evaluation  of  the  effect  of 
subsystem  Rtrfl  characteristics  on  measures  of  operational 
effectiveness.  The  program  is  a  second  version  of  the 
Repair  Time  Distribution  Model  developed  for  the  project  and 
is  designed  for  implementation  on  a  FORTRAN  capable 
microcomputer  such  as  the  Zenith  model  Z-lOO  or  Z-1S0. 
Appendix  A  describes  the  specific  differences  between  the 
two  versions  of  the  program.  Sample  output  is  provided  in 
Appendix  E. 

A  major  change  incorporated  in  the  the  modified  program 
is  the  elimination  of  the  simulation  and  comparison 
routines.  The  program  forms  the  aggregate  repair  time  CDF 
using  only  the  analytical  methodology.  In  order  to  extend 
the  reliability  levels  to  which  the  methodology  is 
applicable,  the  correction  factor  procedure  discussed  in 
Chapter  V  is  employed  to  produce  an  adjusted  repair  time 
CDF.  This  adjusted  CDF  can  then  be  used  in  the  translation 


to  Maiurn  of  operational  ef  fecti  van  ess. 

The  modified  version  uses  an  extensive  network  of  menus 
to  facilitate  user  interaction.  The  user  can  inter acti vely 
change  subsystem  data  and  the  concept  of  operations. 

Changed  data  can  be  overwritten  to  the  permanent  data  file 
or  used  for  a  single  run  of  the  program.  This  feature 
permits  rapid  assessment  of  alternative  allocation 
strategies  or  measurement  of  the  impact  of  proposed 


VII.  Extension  of  Hethodoloov  to  Constrained  Resourc— 

I»o act  al  Resource  CQOftraiPt* 

Th*  aggrigat*  repair  tiav  distribution  for— d  by  the 
analytical  — thodology  of  this  project  do—  not  incorporate 
delays  caused  by  queuing  for  scarce  resourc—  required  for 
the  accoepl i sheen t  of  unscheduled  Maintenance.  These 
resourc—  can  generally  be  classified  under  one  of  thr— 
categori—  t  Manpower,  spare  parts,  or  equi patent.  Because 
of  relatively  low  reliability  and  high  aai ntenance 
r equi r seen ts  of  current  aircraft,  resource  constraints 
often  have  a  substantial  impact  on  syst—  operational 
ef  f  ectiven— s.  Many  si  nail  at  ion  eodels  currently  used  to 
estieate  Measures  of  operational  effectiven— •  use  resource 
requireeents  and  availabiliti—  as  prietary  inputs  (57*2). 

If  the  reliability  levels  — tiea ted  for  the  Advanced 
Tactical  Fighter  are  realized,  resource  requirements  for  the 
ATF  will  be  much  1—  s  than  the  requirements  for  current 
aircraft.  In  order  to  prevent  severe  underutilization 
of  mai ntenance  specialists,  the  concept  of  maintenance 
envisioned  for  the  ATF  involv—  substantial  cowibining  of  Air 
Force  Specialty  Codes  (AFSC) .  One  concept  considered  by  the 
ATF  Syst—  Program  Office  assigns  all  subsyst—  work  unit 
codes  to  only  five  typ—  of  specialists,  with  subsyst— 
responsibiliti—  assigned  as  shown  in  Table  7.1  (50).  Table 
7.1  also  lists  the  minimum  number  of  each  type  of  specialist 
required  to  perform  all  tasks  on  every  assigned  subsyst—. 


Table  7.1 


ATF  Manpower  Requirement*  for  Unscheduled  Maintenance 


Specialist 

AFSC 

Number 

Required 

Assigned 

Subsystem  Work  Unit  Codes 

42770 

2 

11 

43170 

2 

12, 13,14,41,45,46,47 

42670 

2 

23,24 

32670 

3 

42,44,49,51,55,62,63,64,65,71,76,97 

31670 

3 

74,75 

The  negligible  effect  of  manpower  constraints  on  ATF 
repair  time  is  evidenced  by  the  results  of  a  Monte  Carlo 
simulation  developed  by  this  project  for  preliminary 
investigation  of  the  factors  contributing  to  an  aircraft 
repair  time  distribution.  The  simulation  generated  aircraft 
arrivals  according  to  a  Poisson  process  (time  between 
arrivals  exponentially  distributed)  reflecting  a  sortie 
generation  rate  of  6.0  sorties  per  aircraft  per  day. 

The  maintainability  characteristics  of  the  aircraft 
subsystems  were  set  to  the  values  shown  in  Table  1.1. 
Multiple  runs  of  the  simulation  were  performed  with 
subsystem  reliabilities  scaled  to  reflect  different  levels 
of  overall  aircraft  reliability.  For  the  constrained  runs, 
manpower  availability  was  set  to  the  minimum  requirements 


shown  in  Table  7.1.  For  the  unconstrained  runs,  the 
availability  of  each  type  of  specialist  was  set  to  a  very 
high  number  <100).  Figure  7.1  presents  a  plot  of  the  change 


in  aircraft 


ran  rapair  r vaulting  fro*  raacxirca  constraints 


vs.  ovsrall  aircraft  reliability. 


Aircraft  Reliability  (MSBF) 

Figure  7.1.  lepact  of  Manpower  Constraints  vs.  Aircraft 
Reliability 

Figure  7.1  indicates  that  even  severe  aanpower  constraints 
have  virtually  no  iepact  on  eean  repair  tine  for  a  highly 
reliable  systen  such  as  the  ATF.  However ,  the  nanpower 
constraints  begin  to  exert  sons  influence  at  lower 
reliability  levels  where  the  analytical  eethod  for  forning  a 
repair  tine  distribution  nay  still  be  applicable.  Extension 
of  the  project  nethodology  to  include  handling  of  resource 
constraints  is  therefore  desirable,  since  the  nethodology 
could  then  be  used  to  iteratively  deternine  the  resource 
requi resents  associated  with  various  RtiM  allocation 
strategies. 
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Coolicating  FMtflrt 

The  task  of  incorporating  ths  offset  of  queuing  delays 
into  ths  Methodology  of  this  project  is  coaplicated  by  the 
fact  that  the  operating  environ sent  of  an  aircraft  is 
generally  a  closed  queuing  network.  The  fora  of  an  aircraft 
repair  tiae  distribution  influences  the  deaand  for 
Maintenance  resources,  which  in  turn  influences  the  fora  of 
the  repair  tiae  distribution.  Recant  efforts  have  applied 
classical  queuing  theory  to  the  specific  problea  of 
deteraining  aircraft  availability  and  the  probability  of 
stock-out  for  various  spare  parts  (44i2S7|  S9i2S3>. 

However,  such  an  approach  requires  the  assuaption  that 
aircraft  repair  tiae  is  exponential ly  distributed. 
Furthermore,  the  Methodology  does  not  provide  information 
relative  to  the  effects  of  subtle  changes  in  repair  time 
distributions  on  Measures  of  operational  effectiveness. 

In  addition  to  the  difficulty  caused  by  the  closed 
nature  of  the  operating  environment,  more  complexity  arises 
from  the  fact  that  the  magnitudes  of  queuing  delays 
depend  on  the  availability  of  numerous  specific  resources. 
The  complexity  of  the  problem  suggests  that  queuing  delays 
cannot  be  analytically  incorporated  into  a  single  aggregate 
repair  tiae  distribution  for  an  aircraft.  However,  the 
project  methodology  could  be  adapted  to  consider  the 
ultimate  impact  of  individual  resource  constraints  on 


asur 


of  operational  effectiveness 


Tht  g 


•1  approach  to  adapting  tha  project 


aathodology  can  baat  ba  described  by  considaring  tha 
•pacific  axaapla  of  manpower  rasourca  constraints.  Rathar 
than  foraing  a  singla  rapair  tiaa  distribution  for  tha 
antira  aircraft,  saparata  analytical  rapair  tiaa 
distributions  could  ba  foraad  for  aach  of  tha  fiva  groups 
of  subsystems  dalinaatad  in  Table  7.1.  The  cuaulative 
distribution  functions  for  tha  fiva  rapair  tiaa 
distributions  could  than  ba  used  to  fora  fiva  saparata 
rapair  state  arrays  according  to  tha  aathodology  presented 
in  Chapter  VI.  By  applying  tha  single  failure  assumption, 
tha  probability  that  any  failed  aircraft  Mill  enter  a 
particular  repair  state  array  k  can  ba  calculated  as 

K  N 

pfc  -  £  <l-r4>  /  £  Cl-r.  >  (7.1 

i-1  1  i-1 

Mhara  r^  is  tha  sortie  reliability  of  subsystem  i,  K  is  tha 
total  number  of  subsystems  requiring  resource  k,  and  N  is 
tha  total  number  of  aircraft  subsystems. 

Tha  movement  of  aircraft  quantities  bat Mean  state 
arrays  is  illustrated  by  tha  example  in  Figure  7.1. 

Aircraft  quantities  leaving  the  sortie  state  are  portioned 
into  failed  and  non-f ailed  quantities  as  determined  by  tha 
overall  aircraft  reliability.  The  failed  aircraft  are  then 
portioned  into  the  five  repair  state  arrays  in  accordance 
mith  probabilities  calculated  using  Eq  (7.1).  Each  array 


Figure  7.2.  State  Arrays  with  Manpower  Constraints 


■laMfit  rtctivn  a  quantity  of  aircraft  determined  by  tha 
corraaponding  cuaulativa  distribution  function. 

To  nodal  tha  iapact  of  resource  constraints,  movement 
from  one  array  element  to  tha  next  can  be  restricted  to  the 
maximum  quantity  of  aircraft  which  available  resources  can 
service.  For  example,  if  manpower  availability  is 
sufficient  to  service  only  one  aircraft,  any  aircraft 
quantity  in  excess  of  1.0  remains  in  its  current  array 
element  for  the  next  time  increment.  Separate 
availabilities  can  be  set  for  each  type  of  resource. 

Limitations 

The  general  approach  of  generating  multiple  repair  time 
distributions  is  particularly  well  suited  to  the  manpower 
problem  because  the  aircraft  subsystems  can  be  divided  into 
groups  that  require  only  one  type  of  maintanence  specialist. 
However,  if  one  or  more  subsystems  routinely  require  more 
than  one  type  of  specialist  for  rmpsiir9  the  methodology 
breaks  down  because  mutually  exclusive  repair  arrays  can  not 
be  constructed. 

The  requirement  for  mutually  exclusive  repair  arrays 
becomes  particularly  limiting  when  it  is  necessary  to 
simultaneously  model  constraints  on  different  categories  of 
resources,  such  as  manpower  and  equipment.  Separate  repair 
time  distributions  and  arrays  must  then  be  constructed  for 


all  groups  of  repairs  requiring  particular  combinations  of 
resources.  Advancement  of  aircraft  quantities  through 


each  repair  array  is  limited  to  the  quantity  of  aircraft 
that  can  be  serviced  by  the  most  constrained  resource 
required  for  the  repair.  This  approach  would  be  workable  as 
long  as  each  equipment  item  is  used  by  only  one  type  of 
maintenance  specialist.  For  multi-purpose  equipment  such  as 
external  power  sources  and  light  stands,  the  methodology 
breaks  down.  Such  equipment  is  used  by  more  than  one 
type  of  specialist,  and  mutually  exclusive  repair  arrays 
could  not  be  constructed. 

Actual  computer  implementation  of  an  extended  model  for 
handling  resource  constraints  is  beyond  the  scope  of  this 
project.  It  should  be  pointed  out  that  while  the  general 
approach  uses  sub-aggregate  repair  time  distributions  rather 
than  a  complete  aggregate  distribution,  it  is  still 
necessary  to  assume  that  only  one  subsystem  will  fail  before 
repair  is  initiated.  However,  since  this  assumption  has 
been  shown  to  be  reasonable  for  advanced  technology  aircraft 
such  a$  the  ATF,  further  effort  at  extending  the  methodogy 
is  justified. 


VIII.  Summary  and 


Applicability  at  Hpthod 

Essential  Conditions.  The  analytical  methodology 
presented  in  this  project  can  quickly  and  accurately  form  an 
aggregate  repair  time  distribution  for  an  advanced 
technology  aircraft.  However ,  the  applicability  of  the 
method  is  contingent  on  the  following  conditions! 

1)  The  probability  of  failure  of  any  aircraft 
subsystem  is  not  affected  by  other  subsystem 
failures 

2)  The  time  between  failures  of  each  subsystem  is 
exponentially  distributed 

3)  Only  one  subsystem  failure  occurs  before 
aircraft  repair  is  initiated 

These  conditions  permit  formulation  of  an  aggregate  repair 
time  distribution  as  a  probabilistic  mixture  of  known  or 
estimated  subsystem  repair  time  distributions.  The  mean  and 
variance  of  the  aggregate  distribution  can  then  be 
obtained,  along  with  a  cumulative  probability  of  aircraft 
repair  within  any  specified  period  of  time. 

For  an  aircraft  in  the  early  stages  of  development,  the 
condition  of  independence  of  major  subsystem  failures  can  be 
reasonably  assumed.  Only  later  in  the  developmental  process 
when  empirical  data  on  interactive  subsystem  performance  is 
available,  can  correlations  between  major  subsystem  failures 
be  identified.  The  exponential ity  of  subsystem  failure 
distributions  can  be  similarly  justified.  The  failure 
intervals  of  current  aircraft  subsystems  frequently  exhibit 
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exponential  behavior,  and  the  applicability  of  other 
distributional  forms  is  generally  determined  only  after 
empirical  data  on  subsystem  reliability  is  available. 
Furthermore,  the  matheeiatical  theory  of  reliability  asserts 
that  all  subsystem  failure  time  distributions  approach 
exponential  forms  as  subsystem  reliability  improves  (38:278). 

The  existence  of  a  reasonable  approximation  of  the  last 
essential  condition  (single  subsystem  failures)  can  be 
determined  by  comparing  an  analytical  single  failure  repair 
time  distribution  with  a  distribution  reflecting  multiple 
subsystem  failures.  The  multiple  failure  distribution  can 
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be  produced  using  Monte  Carlo  simulation.  Several  factors 
could  influence  the  amount  of  disparity  between  the  single 
and  multiple  failure  distributions,  including  overall 
aircraft  reliability,  variability  among  subsystem 
reliabilities,  and  variances  of  subsystem  repair  times.  For 
the  particular  example  of  the  Advanced  Tactical  Fighter, 
overall  aircraft  reliability  emerges  as  the  only  critical 
factor  even  when  all  potentially  relevant  factors  are  varied 
over  wide  ranges.  If  application  of  the  project  methodology 
is  contemplated  for  an  aircraft  with  characteristics  outside 
of  the  ranges  explored  in  this  project,  the  approach 
presented  for  identifying  critical  factors  could  be 
reaccompl i shed . 

Reliability  Requirements.  The  level  of  overall  aircraft 
reliability  neccesary  for  justification  of  the  single 


failure  assumption  is  dspsndsnt  on  a  number  of  factors. 
Statistical  difference  between  single  and  eultiple  failure 
repair  tiee  distributions  can  be  ensured  for  any  reliability 
level  by  using  a  sufficiently  large  saeple  size  in  forming 
the  multiple  failure  distribution.  However,  statistical 
difference  does  not  necessarily  imply  a  practical 
significance.  The  subsystem  reliability  estimates  for  the 
ATF  reflect  an  overall  aircraft  reliability  of  9.S324  Mean 
Sorties  Between  Failures.  This  overall  reliability 
translates  to  a  maximum  difference  between  single  and 
multiple  cumulative  distribution  functions  of  about  0.016. 

The  CDF  difference  increases  to  about  0.023  as  reliability 
decreases  to  S.O  MSBF,  and  then  rises  rapidly. 

While  the  maximum  CDF  difference  is  a  useful  measure 
of  disparity  of  single  and  multiple  failure  distributions, 
the  ultimate  issue  is  whether  or  not  the  assumption  affects 
the  operational  effectiveness  measures  upon  which  reliability 
and  maintainability  allocation  decisions  are  based.  It  is 
apparent  that  the  subsystem  reliability  levels  estimated  for 
the  Advanced  Tactical  Fighter  are  sufficient  to  warrant  the 
single  failure  assumption,  since  the  disparity  between 
single  and  multiple  failure  distributions  is  negligible. 

At  lower  reliability  levels,  the  impact  of  the  assumption 
depends  on  the  hypothesized  concept  of  operations  and  the 
magnitudes  of  the  subsystem  repair  times.  However,  within 
the  ranges  of  reliability  and  maintainability 


characteristics  examined  in  this  project,  it  appears  that  an 
overall  aircraft  reliability  greater  than  5.0  MSBF  ensures  a 
negligible  impact  of  the  single  failure  assumption  on 
measures  of  operational  effectiveness  for  any  concept  of 
operations. 

Comparison  with  Simulation 

When  the  analytical  method  can  be  reasonably  applied  to 
form  an  aggregate  repair  time  distribution,  it  is  far  more 
efficient  than  Monte  Carlo  simulation.  Using  ATF 
reliability  and  maintainability  estimates  as  input  data,  the 
amount  of  computer  core  processing  time  used  by  each  method 
differs  by  several  orders  of  magnitude.  When  implemented  on 
a  Digital  Research  VMS/VAX  computer,  the  analytical  method 
expends  about  0.7  seconds  of  CPU  time  vs.  1080.2  seconds 
for  the  simulation  method.  Thus,  the  analytical  method 
facilitates  rapid  iterative  evaluation  of  the  effect  of 
changes  in  subsystem  reliability  and  maintainability 
characteristics,  whereas  simulation  requires  substantial 
turn-around  time. 

UfrUlUOfll 

The  analytical  method  appears  to  apply  primarily  to  the 
early  stages  of  the  weapon  system  acquisition  process,  when 
many  details  about  subsystem  performance  and  the  aircraft 
concept  of  maintenance  are  unknown.  As  more  information  is 


obtained,  the  value  of  the  analytical  method  decreases 


because  it  cannot  incorporate  intricate  details.  For 
example,  the  analytical  method  cannot  accomodate  the  precise 
■forms  o-f  subsystem  failure  distributions,  which  could 
eventually  be  obtained  through  developmental  testing. 

The  applicability  of  the  analytical  method  to 
individual  aircraft  components  below  the  major  subsystem 
level  is  also  questionable.  If  overall  system  reliability 
is  sufficent  to  warrant  the  single  failure  assumption,  the 
probabilistic  mixture  concept  can  be  extended  to  any 
component  level  as  long  as  component  failures  are 
independent.  However,  complete  independence  of  components 
below  the  major  subsystem  level  does  not  appear  likely. 

The  most  significant  limitation  of  the  analytical 
method  is  its  inability  to  incorporate  queuing  delays  into 
the  aggregate  repair  time  distribution.  Because  of  the 
closed  nature  of  the  aircraft  operating  environment  and  the 
need  for  complex  matching  of  individual  tasks  to  particular 
resources,  consideration  of  resource  limitations  eludes  an 
analytical  approach.  While  the  high  reliability  of  advanced 
technology  aircraft  reduces  the  impact  of  resource 
limitations,  these  constraints  should  be  included  in  RSdi 
allocation  decisions  once  sufficient  information  about  the 
aircraft  concept  of  maintenance  is  known. 

The  analytical  methodology  can  be  adapted  to  form  sub¬ 
aggregate  repair  time  distributions  for  groups  of  subsystems 
which  require  particular  types  of  a  specific  category  of 


rnaurct  (e.g.  manpower).  Queuing  effects  due  to 
constraints  on  this  category  of  reource  can  then  be  included 
in  measures  of  operation  effectiveness.  However,  this 
approach  can  only  handle  one  category  of  resources  at  a 
time.  Furthermore,  the  resource  requirements  of  the  various 
groups  of  subsystems  for  which  repair  time  distributions  are 
formed  must  be  mutually  exclusive. 

Recommendations 

While  the  methodology  presented  in  this  project  has 
been  applied  specifically  to  the  Advanced  Tactical  Fighter, 
the  approach  could  theoretically  be  applied  to  any  weapon 
system  which  experiences  failures  during  a  "time-limited 
operational  sequence."  Many  weapon  systems  to  which  the 
method  could  be  applied  may  have  reliability  and 
maintainability  characteristics  which  are  not  included  in 
the  ranges  examined  in  this  project.  Determination  of  the 
effects  of  subsystem  characteristics  over  wider  ranges 
should  be  pursued.  The  effect  of  other  variables,  such  as 
the  number  of  major  subsystems,  should  also  be  examined. 

The  quality  of  decisions  on  how  reliability  and 
maintainability  characteristics  should  be  allocated  between 
subsystems  ultimately  depends  on  how  well  RScM 
characteristics  can  be  translated  into  measures  of 
operational  effectiveness.  While  the  analytical  method  for 
forming  an  aggregate  repair  time  distribution  has  been 
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thoroughly  defined,  tha  "deterministic  miaul  at  ion**  modal 
employ ad  to  tranmlata  tha  aggragata  distribution  into 
aaasuram  o-f  operational  ef f acti vanass  ham  been  presented 
primarily  for  demonstration  purposes.  While  the  basic 
methodology  of  the  translation  model  is  already  in  use  at 
the  ATF  System  Program  Office,  little  has  been  done  to 
validate  the  approach.  An  interesting  topic  for  further 
research  would  be  measurement  of  the  model  accuracy  with 
respect  to  historical  data  or  the  results  of  a  complex  Monte 
Carlo  simulation. 

Many  additional  features  could  be  incorporated  into  the 
translation  model.  For  example,  the  sortie  and  turn  state 
arrays  could  be  designed  to  reflect  non-constant  sortie  and 
turn  times,  as  does  the  repair  state  array.  The  model  could 
also  be  expanded  to  include  additional  factors  affecting 
operational  effectiveness,  such  as  aircraft  attrition  and 
battle  damage.  More  effort  at  adapting  the  translation 
model  to  incorporate  queuing  delays  also  appears  justified. 
Attempts  to  consider  different  types  of  resource  constraints 
may  lead  to  a  usable  approach  for  handling  multiple 
categories  of  resources.  Such  a  breakthrough  would 
substantially  increase  the  value  of  the  analytical  method 
presented  in  this  project. 


Gf>f al  Des criPtion 

The  FORTRAN  program  listed  in  Appandix  B,  Rapair  Tiaa 
Distribution  Nodal  (Varsion  1.0),  iaplaaants  tha  projact 
methodology.  Sinca  ona  objective  of  tha  program  is  to 
coapara  analytical  and  simulation  aathods  for  computational 
afficiancy,  tha  program  is  carafully  structured  for 
efficient  use  of  processing  time  as  mall  as  readability.  To 
eliminate  redundant  declaration  and  dimension  statements  in 
tha  various  subroutines,  implicit  variable  typing  is  used 
and  variables  are  passed  bat seen  subroutines  through  the  use 
of  labeled  COMMON  statements.  A  description  of  each 
variable  name  included  in  COMMON  statements  is  documented  at 
the  beginning  of  the  main  program.  Local  variable 
definitions  are  documented  in  the  individual  subroutines. 

The  flowchart  in  Figure  A. 1  graphically  illustrates  the 
relationship  between  the  main  prograa  and  all  FORTRAN 
subroutines  and  functions. 

Canpontnt  PBicriatinni 

Main  Program.  The  main  prograa  first  lists  all  of  the 
labeled  COMMON  statements.  Statement  INIT  contains 
variables  which  receive  their  values  from  input  data  or 
transformed  input  data.  Statement  CALC  contains  variables 
which  pertain  to  the  analytical  calculations.  Statement 
SIM1  contains  the  variables  used  in  implementing  the 
simulation  model.  SIM2  contains  the  variables  necessary  to 
form  and  analyze  a  simulation  single  or  multiple  failure 
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repair  tie*  distribution,  depending  on  which  array  of 
observations  (single  or  eultiple  failure)  is  passed  to  the 
subroutines  Nhich  share  SIM2.  Statement  COMP  contains 
variables  pertaining  to  the  coeparison  of  analytical  and 
sieulation  COFs.  Finally,  stateeent  TRAN  contains  variables 
needed  to  detereine  the  operational  efficiency  of  an 
aircraft  based  on  each  repair  tiee  CDF. 

The  eain  prograe  opens  and  rewinds  the  data  file 
"RTDMi.DAT, "  which  contains  all  input  data.  It  than  opens 
the  output  file  "RTDM1.0UT, "  which  is  used  to  store  the 
prograe  results.  The  eain  prograe  calls  subroutine  INITIAL 
to  read  and  transfore  the  input  data.  It  then  calls 
subroutine  CALCULATE  to  iapleoent  the  analytical  net hod. 

Before  ieplenenting  the  sieulation  eethod,  the  eain 
prograe  sets  the  nunber  of  observations  required  <N  failed 
aircraft).  It  also  sets  the  randoa  nunber  seeds  (NB1,  NB2) 
and  the  level  of  confidence  (CL)  for  which  confidence 
intervals  on  output  paraeeters  are  to  be  conputed.  The 
variable  NSO  is  set  to  2  if  a  single  failure  distribution  is 
desired  in  addition  to  the  eultiple  failure  distribution. 

If  a  single  failure  distribution  is  not  desired,  NSO  is  set 
to  1.  The  eain  prograe  calls  subroutine  SIMULATE  to 
iepleeent  the  sieulation  eodel. 

After  analytical  and  sieulation  eethods  are  iepleeented, 
the  eain  prograe  calls  Subroutine  COMPARE  to  coepare  the 
resulting  analytical  and  sieulation  cueulative  distribution 


•function*.  Than,  for  each  of  tha  two  CDFs,  subroutine 
TRANSLATE  is  called  on  to  dataraina  associated  Matures  of 
operational  effectiveness.  The  input  and  output  files  are 
then  closed  and  the  sain  prograe  prints  a  termination 

message. 

Subroutine  INITIAL.  Subroutine  INITIAL  first  reads  in 
a  time  increment  <TI>,  for  which  a  probability  density  and 
cumulative  probability  are  calculated,  stored,  and  plotted 
for  the  system  repair  time  distribution.  The  next  variable 
read  is  TM,  which  is  the  maximum  repair  time  for  which  the 
calculations  are  performed.  Thus,  probability  densities  and 
cumulative  probabilities  are  recorded  and  displayed  for 
TH/TI  repair  times.  INITIAL  then  reads  a  scaling  factor 
(SCALE),  which  is  a  multiplier  between  0.0  and  1.0  used  to 
reduce  subsystem  reliabilities. 

After  reading  the  total  number  of  subsystems  (NSUB) , 
INITIAL  reads  the  subsystem  work  unit  code  (NMUC) ,  mean 
sorties  between  failures  (SHBBF) ,  and  repair  time  data 
<NDIS,SQM,SMRT,SVRT>  for  each  subsystem.  The  integer  NDI8 
represents  the  repair  time  distibutional  fora  far  each 
maintenance  action  on  each  subsystem.  NDI8  values  of  1  or  2 
correspond  to  lognormal  or  exponential  distributional  form* 
respectively.  An  NDI8  value  of  0  represents  a  maintenance 
action  that  has  no  probability  of  occurring.  The  repair 
time  data  also  includes  a  conditional  probability  (SON), 
mean  repair  time  (SNRT) ,  and  repair  time  variance  (8VRT)  for 


each  subsystem. 

Subroutine  INITIAL  next  Multiplies  all  subsystee 
reliabilities  (SMSBF)  by  SCALE.  Since  values  of  M<SMU>,  a 2 
(SSG8Q)  ,  and  <r(SS6)  for  1  ognoraal  subsystee  distributions 
are  used  several  tioes  throughout  the  program,  they  are 
calculated  once  in  subroutine  INITIAL  using  Eqs  (3.14)  and 
<3. IS)  and  are  aade  available  to  the  rest  of  the  program 
through  the  COMMON/ INI T  statement.  The  variances  of 
exponential  distributions  are  calculated  from  the  mean, 
since  the  exponential  distribution  is  defined  by  a  single 
par ameter . 

Subroutine  INITIAL  next  reads  several  parameters  which 
pertain  to  the  calculation  of  availability  and  sortie 
generation  capability.  These  parameters  include  the 
aircraft  force  size  (NAF) ,  sortie  time  (ST),  turn  time  (TT) , 
sortie  launch  window  (SN) ,  maximum  launches  per  time 
interval  (STIM) ,  operational  effectiveness  output  increment 
(TIA),  and  maximum  time  for  operational  effectiveness  output 
(TMA) .  All  input  data  is  checked  for  errors  using 
subroutine  ERRCHK  and  is  printed  to  the  output  file  using 
subroutine  INITOUT.  Subroutine  TIMER  is  then  called  on  to 
determine  the  amount  of  CPU  time  used  processing  inital  data 
since  this  data  is  used  by  both  the  analytical  and 
simulation  methods. 


Subroutine  ERRCHK.  Subroutine  ERRCHK  first  calls  on 
subroutine  MULTERR  to  ensure  that  the  maximum  repair  time  to 


b*  rKordid  (TM)  is  an  svsn  multiple  of  the  repair  tin* 
incrwicnt  (TI).  ERRCHK  also  ansurvs  that  all  distributional 
fora  codas  ara  0,  1,  or  2  and  ansuras  that  no  probability  is 
associated  Mith  a  coda  of  0.  ERRCHK  than  confires  that  the 
maintenance  action  probabilities  sum  to  1.0  for  each 
subsystem.  The  availability/sortie  generation  data  are 
checked  for  errors  using  MULTERR.  The  sortie  time  (ST) , 
turn  time  (TT) ,  and  sortie  window  <SM)  must  all  be  multiples 
of  the  repair  time  increment  (Tl).  Also*  the  operational 
•(factiveness  time  increment  <TID>  and  max i mum  operational 
effectiveness  output  time  (TWO)  must  be  multiples  of  TI.  If 
any  input  data  errors  are  encountered,  an  appropriate  error 
message  is  printed,  including  the  total  number  of  errors 
detected  (NERR) .  The  program  is  then  terminated  with  a 
FORTRAN  STOP  command. 

Subroutine  MULTERR.  Subroutine  MULTERR  receives  two 
variables  as  arguments,  and  stores  them  as  XM  and  XI.  Also 
received  are  two  character  strings  (CXM  and  CXI),  which  are 
descriptors  of  XM  and  XI.  MULTERR  checks  to  confirm  that  XM 
is  an  even  multiple  of  XI.  If  XM  is  not  a  multiple  of  XI, 
an  appropiate  message  is  printed  and  the  error  counter 
(NERR)  is  increased  by  one. 

Subroutine  INI TOUT .  Subroutine  INI TOUT  writes  the 
input  data  to  an  output  file  in  a  readable  format  with 
appropriate  labels.  The  distributional  fora  codes  (NDIS) 
are  converted  to  three-letter  alphabetic  identifiers  (CNDIS) 


Subrouting  Tiw r .  Subrouting  ti ag  calls  a  library 
subrouting  Mhich  rgturns  an  intgggr  (ICT)  representing  thg 
currant  total  CPU  t i sa  usad  by  tha  prograa  in  one— hundredths 
o-f  a  sacond.  This  integar  is  convartad  to  a  real  nuaber 
representing  CPU  tiaa  usad  in  seconds  (CT) .  The  array  CPU 
is  usad  to  store  the  CPU  tiaa  usad  by  each  phase  of  tha 
prograa  (current  tiaa  ainus  tiaa  of  previous  phase). 

CPUT(l)  is  tha  CPU  tiaa  usad  to  read  and  transfara  tha  input 
data,  CPUT (2)  is  tha  tiaa  usad  by  tha  analytical  aethod,  and 
CPUT(3)  is  tha  tiaa  used  by  tha  siaulation  aethod. 

gUfartftl*  *  Iff  CALCULATE.  Subroutine  CALCULATE  coaputes  an 
analytical  aircraft  reliability,  repair  tiaa,  repair  tiaa 
variance,  repair  tiaa  pdf,  and  rapair  tiaa  CDF.  It  begins 
by  initializing  several  values  to  be  coaputad.  Since  tha 
overall  systaa  reliability  (ARA)  is  coaputad  by  iteratively 
aultiplying  subsystee  reliabilities,  it  is  initialized  to 
1.0.  To  coapute  conditional  probabilities  of  subsystee 
failure  given  systaa  failure  based  on  the  single-failure 
assuaption  <SPM>,  a  sue  of  subsystee  failure  probabi 1 ities 
aust  be  coaputad  as  shoen  in  Eq  (3.2).  This  sue  is 
initialized  to  0.0  in  subroutine  CALCULATE  as  the  local 
variable  APF.  The  aircraft  aean  repair  tiae  (AMRTA)  and 
variance  of  repair  tiae  (AVRTA)  are  also  initialized  to  0.0. 

After  initialization,  CALCULATE  detereines  the  systaa 
reliability  by  aultiplying  subsystee  reliabilities.  It  then 
sues  subsystee  failure  probabilities  to  deteraine  APF.  An 


overall  system  MSBF  is  computed  using  the  inverse  of  Eq 


(3.1).  For  each  maintenance  action  on  each  subsystem,  a 
single  probability  SPM  is  computed  which  represents  p.  in 
Eq  (3.8). 

CALCULATE  computes  the  system  mean  repair  time  (AMRTA) 
by  summing  the  subsystem  mean  repair  times  weighted  by  p^ 
as  shown  in  Eq  (3.9).  To  compute  the  variance,  CALCULATE 
computes  the  second  moment  by  summing  the  weighted  second 
moments  of  the  subsystem  distributions  and  storing  it  as 
the  variable  AVRTA.  The  subsytem  second  moments  are 
calculated  using  Eq  (3.13)  or  Eq  (3.18)  for  lognormal  or 
exponential  distributional  forms  respectively.  AVRTA  is 
converted  to  the  true  system  repair  time  variance  by 
subtracting  the  square  of  the  mean  repair  time  as  shown  in 
Eq  (3.10). 

Subroutine  CALCULATE  next  computes  the  probability 
density  and  cumulative  probability  for  system  repair  time 
from  0.0  to  a  maximum  time  TM  in  intervals  of  TI.  The 
functions  DENSITY  and  CUI1UL  return  the  probability  density 
and  cumulative  probability  values  for  repair  time  T,  which 
is  passed  as  an  argument.  These  values  are  stored  in  the 
arrays  DEN  and  CUMA  where  each  element  of  the  arrays 
represent  each  time  increment.  Subroutine  CALCULATE  then 
calls  on  subroutine  CALCOUT  to  write  the  analytical  results 
to  the  output  file  and  calls  on  TIMER  to  record  the  CPU  tim< 
used  by  the  analytical  method. 


Function  DENSITY.  Function  DENSITY  conputat  the  system 
repair  tie*  probability  density  at  tiee  T  as  a  weighted  sue 
o-f  subsystem  probability  densities  as  shown  in  Eq  (3.8). 
Subsystem  probability  densities  are  computed  as  according  to 
Eq  (2.2)  if  the  subsystem  distribution  is  lognormal  or  Eq 
(2.1)  if  the  subsystem  distribution  is  exponential. 

Function  CUMUL.  Function  CUHUL  computes  the  cumulative 
probability  of  the  system  repair  time  at  time  T  as  a 
weighted  sum  of  subsystem  probabilities  as  shown  in  Eq 
(3.19).  If  the  subsystem  repair  time  distribution  is 
exponential,  its  cumulative  probability  is  computed  as  shown 
in  Eq  (3.20).  If  the  subsystem  distribution  is  lognormal, 
it  is  computed  using  the  standard  normal  transf or mat ion 
shown  in  Eq  (3.22).  CUMUL  calls  on  the  function  PLGN  to 
return  the  cumulative  probability  associated  with  the 
transformed  repair  time.  The  subsystem  array  subscript  I, 
maintenance  action  array  subscript  J,  and  repair  time  T  are 
passed  as  arguments. 

Euncttfln  PLGN.  Function  PLGN  first  transforms  the  time 
T,  which  is  passed  as  an  argument,  to  a  transformed  time  X. 
It  then  calculates  the  standard  normal  cumulative 
probability  associated  with  X  using  the  Ibbetson  algorithm. 

Subroutine  CftLCQUT.  Subroutine  CALCOUT  first  writes 
the  system  reliability  (ARA) ,  mean  sorties  between  failures 
(AMSBF),  mean  repair  time  (AMRTA) ,  and  repair  time  variance 
(AVRTA)  to  the  output  file  with  appropriate  labels.  CALCOUT 


than  produces  a  plot  of  probability  density  and  cumulative 
probability  vs.  tins  (sm  sample  output  in  Appendix  C) .  The 
plot  is  produced  through  the  use  of  a  string  of  lOO 
alphanumeric  characters  <LXNE) v  which  is  initialized  to 
include  only  blank  characters.  For  each  time  increment,  the 
associated  probability  density  and  cumulative  probability 
are  printed  in  the  plot  margin.  The  element  of  LINE 
corresponding  with  the  probabiltiy  density  rounded  to  the 
nearest  0.01  is  replaced  with  the  letter  “P".  Likewise,  the 
element  of  LINE  corresponding  with  the  cumulative 
probability  rounded  to  the  nearest  0.01  is  replaced  with  the 
letter  "C*.  The  letter  "PM  takes  precedence  in  the  event 
”P“  and  “C"  correspond  to  the  same  element  of  LINE  far  a 
particular  time  increment. 

Subroutine  SIMULATE.  Subroutine  SIMULATE  begins  by 
initializing  the  array  NFA,  which  counts  the  number  of 
simulated  aircraft  arriving  with  different  numbers  of  failad 
subsystems.  The  total  number  of  aircraft  arriving  with 
failures  (NFAT)  is  also  initialized  to  zero.  The  simulation 
continues  to  run  until  NFAT  is  equal  to  the  required  number 
of  observations  (N> .  For  each  arriving  aircraft,  the  number 
of  failed  subsystems  and  the  single  and  multiple  failure 
repair  times  are  initialized  to  zero.  The  aircraft  failure 
time  in  sorties  (AFT)  is  used  in  forming  the  single  failure 
distribution  and  is  initialized  to  1.0  since  the  smallest 
subsystem  repair  time  less  than  1.0  will  be  used. 


For  uch  aubayatam  o-f  uch  arriving  aircraft,  the 
siaulation  ganaratas  a  subsystaa  failura  tiaa  to  dataraina 
if  tha  tha  aubaystaa  haa  faiiad  during  tha  aortia.  Thia  ia 
accompli ahad  through  random  aampling  from  an  axponantial 
diatribution  uaing  function  REXP.  If  tha  aubayatam  haa 
faiiad,  function  SUBREP  ia  cal lad  on  to  raturn  tha  aubayatam 
rapair  tima  and  tha  aubayatam  failura  countar  NFSUB  ia 
incraaaad  by  on a.  If  tha  aubayatam  failura  tiaa  in  aortiaa 
ia  laaa  than  any  pravioua  aubayatam  failura  tiaa,  tha 
tamporary  aingla  failura  rapair  tiaa  obaarvation  (TASFRT)  ia 
raplacad  by  tha  aubayatam  rapair  tima  (SRT) .  If  tha 
aubayatam  rapair  tiaa  ia  graatar  than  any  pravioua  aubayatam 
rapair  tima,  tha  tamporary  aultipla  failura  rapair  tima 
obaarvation  (TAMFRT)  ia  raplacad  by  tha  aubayatam  rapair 
tima  (SRT).  Naxt,  tha  number  of  failed  aircraft  (NAFT)  and 
failed  aircraft  counter  array  (NAF)  are  updated.  Tha  NAF 
array  kaapa  track  of  tha  number  of  aircraft  arriving  with  0, 
1,  2,  3,  4,  S,  or  6  or  more  fail urea.  Tha  final  temporary 
aingla  and  multiple  failura  rapair  timee  are  atored  aa 
el amenta  in  tha  arraya  ASFRT  and  AMFRT,  which  are  uaad  by 
later  aubroutinea  to  fora  tha  rapair  tima  diatributiona. 

Once  the  required  number  of  rapair  tiaa  observat i one 
are  obtained  and  atored,  the  total  number  of  arriving 
aircraft  and  aingla  and  multiple  failura  raliabilitiaa  (ASFR 
and  AMFR)  are  computed  uaing  NAF  and  NAFT.  Subroutine 
SIMOUT  ia  called  to  write  thia  information  to  tha  output 


file.  Before  forming  repair  tin*  distributions,  SIMULATE 
••ploys  subroutine  SNORM  to  calculate  the  appropriate 
percentage  point  of  the  nor sal  distribution  (2-value>  needed 
to  fora  confidence  intervals  on  distribution  paraaeters. 
SIMULATE  then  calls  subroutine  SIMSPLIT  to  fora  a  Multiple 
failure  repair  tiae  distribution  and  single  failure 
distribution  if  desired.  The  total  nuaber  of  observations 
(N) ,  confidence  level  (CL),  z -value  (ZA),  and  array  of 
observations  (ASFRT  or  AMFRT)  are  passed  as  arguaents. 

Finally,  subroutine  TIMER  is  called  on  to  store  the  CPU  tiae 
used  by  the  siaulation  aodel . 

Function  REXP.  Function  REXP  returns  a  randoa  variate 
froa  an  exponential  distribution  with  aean  SMRT,  which  is 
passed  as  an  arguaent.  First,  REXP  calls  on  function  RAND 
to  obtain  a  randoa  nuaber.  It  then  produces  an  exponential 
randoa  variate  using  the  inverse-transf ora  transform 
relationship  of  Eq  (4.9). 

Function  RAND.  Function  RAND  is  a  Multiplicative 
randoa  nuaber  generator  that  produces  a  randoa  nuaber 
distributed  uniforaly  froa  0  to  1.0  using  an  integer  seed 
NS.  NS  is  passed  as  an  arguaent  and  is  changed  for  use  in 
generating  a  new  randoa  number  when  RAND  is  next  called  on. 

Function  SUBREP.  Function  SUBREP  generates  a  repair 
tiae  for  a  failed  subsystem.  First,  a  randoa  number  is 
generated  to  determine  which  maintenance  action  is  required 
according  to  Table  4.1.  6iven  this  action  J  and  the  subsystem 


nuatwr  I,  which  is  passed  as  an  argument,  SUBREP  ganaratss 
a  subsystaa  repair  tiaa  by  the  appropriate  ran doe  variate 
generator  for  action  J  on  subsystee  I.  I-f  the  repair  tiee 
distribution  for  action  J  on  subsystee  I  is  exponential 
SUBREP  eeploys  function  REXP,  which  is  described  above.  If 
the  distribution  is  1 ognoraal ,  SUBREP  eeploys  function  RL6N. 

Function  RL6N.  Function  RLGN  generates  a  lognoreal 
ran doe  variate  with  paraaeters  SHU  and  S86,  which  are  passed 
as  arguaents.  A  randoe  nuaber  is  generated  using  RAND  and 
is  transforaed  to  a  lognoreal  variate  according  to  Eq  (4.10) 
The  standard  normal  randoe  variate  required  by  Eq  (4.10)  is 
obtained  using  function  SNORH. 

Function  SNORH.  Function  SNORH  transforas  a  nuaber  R, 
which  is  passed  as  an  arguaent,  into  the  percentage  point  of 
the  noraal  distribution  cor respond! ng  to  cuaulative 
probability  R.  SNORH  is  aodularized  as  a  separate 
subroutine  of  RLGN  because  it  is  also  used  to  provide  the  z- 
value  needed  to  deteraine  confidence  intervals  on  paraaeters 
of  the  simulation  repair  time  distributions.  SNORH 
determines  the  standard  noraal  percentage  point  using  the 
Beasley-Springer  numerical  method. 

Subroutine  SIHOUT.  Subroutine  SIMQUT  writes  the 
failed  aircraft  array  (NFA) ,  total  number  of  failed  aircraft 
NFAT,  and  single  and  multiple  failure  reliabilities  to  the 
output  file  using  a  readable  labeled  format. 

Subroutine  SIHSPLIT.  Subroutine  SIHSPLIT  produces  a 


Man  (AMRT) ,  variance  (AVRT) ,  and  Mpirical  probability 
distribution  based  on  an  array  of  obsarvations  that  is 
passad  to  it.  8IHSPLIT  is  always  cal lad  on  to  produca  a 
aultipla  failure  distribution  and  is  cal  lad  on  to  produca  a 
singla  -failura  distribution  i-f  NS0>2.  Tha  array  of 
obsarvations  passad  to  SIMBPLIT  is  storad  in  tha  local 


array  ART.  Tha  array  CUM8  is  usad  to  stora  cuaulativa 
probabi 1 i tias  at  TM/TI  rapair  tiaa  intervals  and  is  shared 


with  tha  aain  program  through  tha  C0MM0N/SIM1  stateaent. 
Tha  COMMON/ S I H2  stateaent  includes  variables  shared  by 


SIMBPLIT  and  its  output  subroutine  SPLITOUT. 

Subroutine  SIMBPLIT  -first  coaputas  the  Man  and 
variance  of  tha  rapair  tiM  distribution.  Tha  Man  is 
storad  in  tha  first  alaaant  of  tha  three-el eaant  array  AMRT; 
tha  second  and  third  alaaant  are  lower  and  upper  confidence 


tha  second  and  third  alaaant  are  lower  and  upper  confidence 
liaits  respectively.  Tha  variance  and  its  confidence  liaits 
are  similarly  stored  in  tha  thrM-el eaant  array  AVRT. 


SIMBPLIT  first  initializes  AMRT < 1 )  and  AVRT(l).  AMRT (1)  is 
teaporari ly  usad  to  stora  tha  iterative  sue  of  all  rapair 
tiM  obsarvations  and  is  converted  to  tha  saapla  Man  by 
dividing  by  tha  total  nuabar  of  obsarvations  (N) .  AVRT(l) 
is  taaporarily  usad  to  store  tha  iterative  sue  of  tha 
squares  of  tha  rapair  tiM  observations  and  is  converted  to 


tha  saapla  variance  >  according  to  coaputational  formula 


(  T  T,  -  nT.  >  /  <n  -  I) 


(A.  1) 
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Nhiri  Tj  is  ths  rspsir  tins  fo r  observation  i ,  Tj  is  the 
saapls  mm,  and  n  is  ths  saspls  size  (94t48>.  Upper  and 
lower  confidence  lieits  on  the  aean  and  variance  are 
coeputed  according  to  Eqs  (4.1)  and  (4.2).  The  Chi-squared 
percentage  point  required  by  Eq  (4.2)  is  coeputed  according 
to  Eq  (4.3)  using  the  previously  coeputed  standard  noreal 
z-value  (ZA). 

Subroutine  SIMSPLIT  next  sues  the  nueber  of  repair 
ties  observations  that  fall  in  each  ties  interval  of  width 
TI  up  to  eaxieue  repair  tine  TM.  The  nueber  of  observations 
in  any  interval  K  is  stored  as  FRQ(K)  and  is  converted  to  a 
relative  frequency  by  dividing  by  the  total  nueber  of 
observations  (N) .  For  each  interval,  a  cumulative  frequency 
CUMB (IO  is  coeputed  as  the  sue  of  FRQOO  and  the  frequency 
of  all  previous  intervals.  SIHSPLIT  then  calls  SPLITOUT  to 
print  the  distribution  paraeeters  and  a  graphical  depiction 
of  the  distribution. 

cuihr-rw^ j n»  SPLITOUT.  Subroutine  SPLITOUT  first  writes 
the  repair  tiee  distribution  eean  and  variance  (with 
confidence  lieits)  to  the  output  file  in  an  appropriate 
for eat.  SPLITOUT  then  prints  a  plot  the  repair  tiee 
distribution  in  a  aanner  similar  to  CALCOUT  in  the 
analytical  method.  The  relative  frequency  for  each  tiee 
interval  is  printed  in  place  of  a  probability  density  and  is 
graphically  indicated  by  a  line  of  asterisk  (*)  symbols. 

The  cumulative  frequency,  which  represents  the  simulation 


- 
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cumulative  probability  -for  each  tine  interval,  is  indicated 
by  the  character  "C. " 

SubCflUfcifll  COMPARE.  Subroutine  COMPARE  deter nines  the 
average  and  maximum  difference  between  the  single  failure 
analytical  repair  tine  CDF  and  the  multiple  failure 
simulation  CDF.  COMPARE  begins  with  several  initialization 
statements.  The  square  of  the  z -value  associated  with  the 
confidence  limits  for  all  results  is  used  several  times  in 
the  subroutine  and  is  calculated  and  stored  as  ZASQ. 

Portions  of  Eqs  (4.5)  and  (4.6)  which  are  used  more  than 
once  in  the  subroutine  are  calculated  and  stored  as  the 
temporary  variables  Tl,  T2,  T3,  and  T4.  The  average 
difference  between  CDFs  (PDA)  and  the  maximum  difference 
between  CDFs  (PDM)  are  initialized  to  zero.  The  term  KI 
establishes  the  number  of  observations  in  each  of  twenty 
equal  increments  for  which  CDF  difference  information  is 
stored  and  displayed.  The  terms  K  and  NN  are  counters  used 
to  accomplish  the  storing  operation. 

To  form  the  simulation  CDF,  each  observation  must  be 
sorted  in  increasing  order  of  repair  time.  This  is 
accomplished  by  an  1MSL  library  routine  (VSRTA) ,  which  is 
based  on  a  sorting  algorithm  recommmended  by  the  Association 
for  Computing  Machinery  (8iSec  347,1).  For  each  element  of 
the  sorted  array,  the  value  of  the  simulation  CDF  <PS(i)>  is 
equal  to  the  sequence  number  of  the  element  (I)  divided  by 
the  total  number  of  obvservations  (N) .  Confidence  limits 


for  PS(1)  ara  computed  using  Eqs  (4.5)  and  (4.6)  and  are 
stored  as  PS(2)  and  PS(3). 

For  each  value  of  PS(1),  an  analytical  value  for  the 
CDF  is  coeputed  using  function  CUKJL.  The  repair  time  used 
in  calling  CUMUL  is  the  average  of  the  range  of  repair  times 
for  which  PS(1)  maintains  its  value,  as  shown  in  Figure  A. 2. 
The  difference  between  the  analytical  and  simulation  CDFs 
for  each  observation  is  stored  as  PD.  The  value  PDA  is 
temporarily  used  to  store  the  iterative  sum  the  CDF 
differences,  and  is  eventually  converted  to  the  average 
difference  by  dividing  by  the  total  number  of  observations 
(N) . 

For  every  observation,  if  the  difference  between  CDFs 
is  greater  then  any  previous  difference,  it  becomes  the  new 
maximum  difference  (PDM)  and  the  repair  time  where  it 
occurs  is  stared  as  PDHT.  Note  that  this  difference  is  not 
the  true  Kolomgornov-Smirnov  statistic,  which  is  shown  on 
Figure  A. 2.  However ,  for  a  sample  size  of  40,000,  the  error 
is  on  the  order  of  0.000125  (l/2n),  so  the  maximum  CDF 
difference  computed  by  the  program  is  a  reasonable 
approximation  of  the  true  KS  statistic. 

The  next  portion  of  subroutine  COMPARE  stores 
difference  information  at  intervals  of  0.05  of  the 
simulation  CDF  for  any  sample  size.  This  information 
provides  an  indication  of  how  the  difference  between  CDFs 
varies  over  the  full  range  of  repair  times.  For  each 
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interval ,  value*  of  repair  tiee  (RT> ,  analytical  CDF  (PAK) 
simulation  CDF  <PSK)  and  difference  between  CDFs  (PDK)  are 
stared.  PSK  and  PDK  are  arrays  having  three  eleeents  to 
accoeodate  an  estieator  and  upper  and  lower  confidence 
lieits.  The  subroutine  ends  by  calling  subroutine  COMPOUT, 
which  prints  the  results  of  the  coeparison. 


Repair  Tiee 

Figure  A. 2.  Computed  CDF  Difference  and 
the  True  K3  Statistic 


Subroutine  COMPOUT.  Subroutine  COMPOUT  prints  the 
results  of  the  CDF  comparison  to  the  output  file  in  an 
appropriate  format.  It  also  prints  the  amount  of  computer 
core  processing  time  used  by  the  analytical  method  and  by 
the  simulation  method.  This  information  provides  a 
comparison  of  the  relative  computational  efficiency  of  the 
two  methods. 

Subrouting  TRANSLATE.  Subroutine  TRANSLATE  converts 


an  aircraft  repair  tie*  distribution  and  analytical 
reliability  into  Measures  of  operational  effectiveness  for  a 
user  specified  concept  of  operations.  To  pereit  the  use  of 
subroutine  TRANSLATE  for  both  analytical  and  simulation 
repair  tiee  distributions,  the  analytical  reliability  (ARA) 
and  repair  tiee  CDF  array  (CUM)  are  passed  as  argueents. 

The  variables  specifying  the  concept  of  operations  are  read 
f roe  the  input  data  file  and  are  eade  available  to  TRANSLATE 
through  the  COMHON/INIT  stateeent. 

Subroutine  TRANSLATE  begins  by  detereining  the  nueber 
of  el eeents  in  the  sortie  and  turn  state  arrays  (NS  and  NT) 
by  dividing  the  duration  of  each  activity  by  the  tiee 
increeent  TI.  The  number  of  elements  in  the  repair  state 
array  (NR)  is  obtained  by  dividing  the  maximum  repair  time 
for  CDF  computations  (T H)  by  TI.  All  elements  of  the 
sortie,  turn,  and  repair  state  arrays  (SSTE,  TSTE,  RSTE)  are 
then  initialized  to  zero. 

TRANSLATE  next  developes  an  array  consisting  of  repair 
time  interval  probabilities  (RTIP).  The  number  of  elements 
in  RTIP  corresponds  to  the  number  of  elements  in  the  RSTE 
array  and  the  number  of  time  increments  for  which  repair 
time  CDF  values  are  calculated.  The  value  of  each  element 
in  the  RTIP  array  is  calculated  as  the  difference  between 
CDF  values  at  each  end  of  the  repair  time  interval  the 
element  represents  as  shown  in  the  example  in  Table  6.1. 

Before  TRANSLATE  begins  examining  individual  time 
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increments,  the  «v«rag*  aircraft  availability  (AVLA) , 
minimum  aircraft  ability  (AVLH) ,  total  quantities  of  sorties 
generated  (TSGR),  and  total  quantity  of  aircraft  rapairad 
(TREP)  ara  initializad  to  zaro.  Tha  quantity  of  raady 
aircraft  is  initializad  to  tha  aircraft  forca  siza  (NAF) . 
Next,  an  output  intarval  width  (KI)  is  calculatad  which 
indicatas  tha  nuabar  of  tiaa  intervals  examined  batwaan  aach 
intarval  for  which  results  ara  stored  for  output.  A  counter 
of  output  intervals  <K)  and  a  countar  of  intervals  currently 
exaainad  within  tha  current  output  intarval  (NTI)  ara 
initializad  to  zero. 

TRANSLATE  next  begins  stepping  through  tiaa  intervals 
to  aake  availability  and  sortie  generation  calculations. 

For  each  tiaa  interval,  subroutine  OUT  is  called  on  to 
return  tha  quantities  of  aircraft  leaving  aach  state  during 
tha  interval  (SOUT,  TOUT,  ROUT).  Tha  quantity  of  aircraft 
entering  tha  repair  state  (RIN)  is  calculated  as  tha 
quantity  leaving  the  sortie  state  (SOUT)  tiaas  tha 
probability  of  aircraft  failure  ( 1-ARA) .  Tha  quantity  of 
aircraft  entering  tha  turn  state  is  calculatad  as  tha 
quantity  of  non-f ailed  aircraft  leaving  tha  sortie  state 
(SOUT  x  ARA)  plus  tha  quantity  of  aircraft  leaving  tha 
repair  state.  Tha  quantity  of  ready  aircraft  (RA)  is 
increased  by  the  quantity  of  aircraft  leaving  the  turn 
state  (TOUT). 

TRANSLATE  next  determines  if  the  current  time  is  in 
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the  sortie  launch  window  by  calculating  the  time  of  day 
(WT) .  If  MT  is  not  in  tha  sortia  launch  window,  tha 
quantity  of  aircraft  antaring  tha  sortia  array  (SIN)  is  sat 
aqual  to  zaro.  If  WT  is  in  tha  sortia  launch  window, 
TRANSLATE  coaparas  tha  quantity  of  raady  aircraft  with  tha 
aaximua  nuabar  of  launchas  paraittad  par  tiaa  intarval 
and  sats  SIN  aqual  to  tha  saallar  of  tha  two  quant iti as, 
adjusting  RA  accordingly. 

Onca  tha  quantitias  of  aircraft  antaring  aach  stata  a ra 
determined,  TRANSLATE  loads  thasa  quantitias  into  tha 
appropriata  stata  array  elements.  Tha  quantity  of  aircraft 
antaring  tha  sortia  stata  array  (SIN)  is  loadad  into  tha 
last  aleaant  of  tha  sortia  array  (SSTE)  and  tha  quantity 
antaring  tha  turn  stata  is  loadad  into  tha  last  alaaant  of 
tha  turn  array  (TSTE) .  Than  tha  quantity  of  aircraft 
entering  tha  repair  array  is  portioned  according  to  tha 
repair  time  increeent  probabilities  in  RTIP  and  added  to  tha 
corresponding  al aaants  of  the  repair  stata  array  (RSTE) . 

To  calculate  an  aircraft  availability  for  aach  time 
interval,  TRANSLATE  next  calls  subroutine  SUN  to  deteraine 
the  quantitias  of  aircraft  in  each  state.  Aircraft 
availability  (AVL)  is  calculated  as  tha  total  quantity  of 
aircraft  flying  sorties  (QS)  or  in  a  raady  stata  (RA)  over 
the  aircraft  force  size  (NAF).  AVL  is  than  added  to  AVL A, 
which  is  taaporatily  used  to  store  the  sue  of  tiaa  interval 
availabilities  for  conversion  to  an  overall  average 


ftifar-otit  i  n»  SUM.  Subrout  ins  SUM  adds  ths  aircraft 
quantities  in  ths  XT  slsssnts  of  ths  array  XSTE  and  rsturns 
ths  sus  as  QX. 

Subroutins  TRANOUT.  Subroutins  TRANOUT  prints  ths 
opsrational  sf f scti vsnsss  rssults  calculatsd  in  TRANSLATE  in 
an  appropriats  labslsd  format. 

HifiEBCflaaujac.  aciLan 

Appsndix  D  lists  ths  FORTRAN  cods  for  Vsrsion  2.0  of 
ths  Rspair  Tims  Distribution  Modsl ,  dssignsd  for  uss  on  a 
FORTRAN  capabls  microcomputsr  such  as  a  Zsnith  modsl  Z-lOO 
or  Z-1SO.  This  vsrsion  slisinatss  ths  simulation  and 
comparison  portions  of  ths  original  modsl,  calculating  only 
an  analytical  CDF  and  corrssponding  msasurss  of  opsrational 
sff scti vsnsss.  A  nsstsd  systsm  of  msnus  psrmits  a  high 
lsvsl  of  ussr  intsraction  in  manipulating  ths  input  data  and 
obtaining  corrssponding  rssults. 

Ths  subrout inss  adaptsd  to  vsrsion  2.0  of  ths  modsl 
contain  soms  modifications.  To  facilitats  rspsatsd  uss  of 
ths  transformation  opsrations  in  subroutins  INITIAL,  ths 
rsad  statsmsnts  in  INITIAL  ars  transfsrrsd  to  a  now 
subroutins  READIN,  which  is  callsd  on  by  ths  main  program 
immsdiatsly  aftsr  ths  input  data  fils  is  opsnsd.  Subroutins 
CALCULATE  contains  an  additional  opsration  for  prsdicting  a 
maximum  CDF  adjustmsnt  (PDM) .  PDM  is  computsd  according  to 
Eq  (5.2)  and  is  ussd  to  adjust  ths  analytical  rspair  time 
CDF  to  rsflsct  ths  possibility  of  multipls  sub systsm 
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fail uras.  CALCULATE  also  calls  on  a  new  subrout ina  ACUMUL, 
which  aaploys  Eq  (5.3)  to  coaputa  an  adjustad  CDF  valua  for 
avary  tiaa  incraaant  of  tha  analytical  rapair  tiaa 
distribution.  Subroutina  CALCOUT  is  aodifiad  to  includa  tha 
adjustad  CDF  valuas.  Tha  adjustad  CDF  is  raprasantad  by  tha 
syabol  “A"  on  tha  graphical  plot  of  tha  rapair  tiaa 
distribution. 

Tha  aain  prograa  of  Varsi on  2.0  prints  a  aanu  allowing 
tha  usar  four  salaction  options.  Salaction  1  prints  a 
listing  of  tha  currant  input  data  by  calling  subroutina 
INITIAL.  Salaction  3  runs  tha  antira  prograa  by  calling 
subroutinas  INITIAL,  CALCULATE,  and  TRANSLATE.  Tha  usar  is 
givan  tha  option  of  diracting  tha  prograa  output  to  a  fila 
"RTDM. OUT, "  or  dlractly  to  a  printer.  Bafora  TRANSLATE  is 
called  on,  tha  usar  is  given  tha  option  of  which  rapair  tiaa 
CDF  (adjustad  or  unadjusted)  to  use  in  deteraining  measures 
of  operational  effect! veness.  Menu  salaction  4  terainatas 
tha  session.  Selection  2  froa  tha  aain  aanu  allows  tha  user 
to  interactively  change  tha  input  data  by  calling  a  new 
subroutina  CHNGDAT. 

SuhCflUfc \ nm  CHNGDAT.  Subroutine  CHGNDAT  presents  a  data 
change  aanu  with  six  selection  options.  Selections  1  and 
2  allow  tha  user  to  change  tha  rapair  tiaa  distribution  tiaa 
incraaant  and  aaxiaua  tiaa.  Salaction  3  allows  tha  usar  to 
change  input  data  for  an  existing  subsystea  by  calling  a  new 
subroutina  SUBCHN6.  Salaction  4  allows  the  usar  to  change 


the  concept  of  operations  data  by  calling  a  new  subroutine 
CONCHNG.  Selection  S  calls  the  new  subroutine  RECORD  to 
overwrite  all  data  changes  for  the  session  permanently  to 
the  input  data  file.  Selection  6  returns  the  user  to  the 
main  menu. 

Subroutine  SUBCHN6.  Subroutine  SUBCHNG  first  prompts 
the  user  to  enter  the  work  unit  code  of  the  subsystem  to  be 
changed.  SUBCHNG  then  presents  a  menu  including  the  current 
values  of  all  data  elements  for  the  subsystem.  Selection  of 
s  data  element  to  be  changed  results  in  an  appropriate 
prompt.  The  user  may  change  as  many  data  elements  as 
desired  before  exiting  the  subroutine. 

Subroutine  CONCHNG.  Subroutine  CONCHNG  presents  a  menu 
including  the  current  values  of  all  data  elements  far  the 
concept  of  operations.  Selection  of  a  data  element  to  be 
changed  results  in  an  appropriate  prompt.  The  user  may 
change  as  many  data  elements  as  desired  before  exiting  the 
subroutine. 

Subroutine  RECORD.  Subroutine  rewinds  the  input  data 
file  and  writes  the  current  values  of  all  input  data 
elements  to  the  input  file  for  permanent  storage.  At  any 
time  during  an  interactive  session,  the  user  can  run  the 
model  portion  of  the  program  using  changed  data  without 
employing  RECORD  to  permanently  overwrite  the  changes  to  the 
basic  data  set.  This  permits  evaluation  of  many  design 
alternatives  while  preserving  a  basic  data  set. 


c  c 

C  REPAIR  TIME  DISTRIBUTION  MODEL  (VERSION  1.0)  C 
C  C 
C  THIS  PROGRAM  COMBINES  SUBSYSTEM  RELIABILITY  AND  C 
C  MAINTAINABILITY  ESTIMATES  TO  FORM  A  REPAIR  TIME  DISTRIBUTION  C 
C  FOR  THE  ADVANCED  TACTICAL  FIGHTER  BY  USING  SIMULATION  AND  C 
C  ANALYTICAL  METHODS.  THE  ANALYTICAL  METHOD  ASSUMES  THAT  ONLY  C 
C  ONE  SUBSYSTEM  WILL  FAIL  BEFORE  REPAIR  IS  INITIATED.  THE  C 
C  SIMULATION  METHOD  FORMS  A  REPAIR  TIME  DISTRIBUTION  ASSUMING  C 
C  SINGLE  FAILURE  AND  ALSO  A  DISTRIBUTION  ALLOWING  MULTIPLE  C 
C  FAILURES.  THE  MULTIPLE  FAILURE  DISTRIBUTION  REFLECTS  THE  C 
C  MAXIMUM  REPAIR  TIME  OF  ALL  FAILED  SUBSYSTEMS.  THE  PROGRAM  C 
C  ALSO  COMPARES  THE  ANALYTICAL  AND  MULTIPLE  FAILURE  SIMULATION  C 
C  RESULTS  FOR  ACCURACY  AND  COMPUTIONAL  EFFICIENCY.  IT  THEN  C 
C  DETERMINES  A  REPRESENTATIVE  EFFECT  OF  THE  ACCURACY  DIFFERENCE  C 
C  ON  AIRCRAFT  AVAILABILITY  AND  SORTIE  GENERATION  CAPABILITY  C 
C  UNDER  A  USER-SPECIFIED  CONCEPT  OF  OPERATIONS.  C 
C  C 
C  GLOBAL  VARIABLE  DEFINITIONS  C 
C  C 
C  *m  INITIAL  DATA  VARIABLES  C 
C  C 
C  TI  TIME  INCREMENT  FOR  REPAIR  TIME  PDF/CDF  C 
C  COMPUTATIONS  C 
C  TM  MAXIMUM  REPAIR  TIME  FOR  PDF/CDF  COMPUTATIONS  C 
C  SCALE  ■  RELIABILITY  SCALING  FACTOR  C 
C  C 
C  NSUB  »  TOTAL  NUMBER  OF  SUBSYSTEMS  C 
C  C 
C  NWUC(I)  •  WORK  UNIT  CODE  OF  SUBSYSTEM  I  C 
C  SMSBF(I)  *  MEAN  NUMBER  OF  SORTIES  BETWEEN  FAILURES  OF  C 
C  SUBSYSTEM  I  C 


SREL(I) 


SORTIE  RELIABILITY  OF  SUBSYSTEM  I 


NDIS(I.J) 


SQM<I,J) 

SMRT(I,J) 
SVRT  <  I ,  J ) 

SMU ( I , J ) 
SSGSQ(I, J) 

SSG ( I , J ) 


TYPE  OF  DISTRIBUTION  OF  MAINTENANCE  ACTION 
J  ON  SUBSYSTEM  I 

(O-NONE,  1 -LOGNORMAL,  2-EXPONENTIAL) 
PROBABILITY  THAT  MAINTENANCE  ACTION  J  IS 
REQUIRED  GIVEN  SUBSYSTEM  I  HAS  FAILED 
MEAN  REPAIR  TIME  FOR  ACTION  J  ON  SUBSYSTEM  I 
VARIANCE  OF  REPAIR  TIME  FOR  ACTION  J  ON 
SUBSYSTEM  I 

LOGNORMAL  MU  FOR  ACTION  J  ON  SUBSYSTEM  I 
LOGORMAL  SIGMA  SQUARED  FOR  ACTION  J  ON 
SUBSYSTEM  I 

LOGNORMAL  SIGMA  FOR  ACTION  J  ON  SUBSYSTEM  I 


MAINTENANCE 
ACTION  CODES 


J-li  REMOVE  AND  REPLACE 
J"2»  REPAIR  IN  PLACE 
J-3i  CAN  NOT  DUPLICATE 


NAF  »  AIRCRAFT  FORCE  SIZE  C 

ST  *  AIRCRAFT  SORTIE  TIME  C 

TT  »  AIRCRAFT  TURN  TIME  C 

SW  =  SORTIE  LAUNCH  TIME  WINDOW  C 

STIM  *  MAXIMUM  AIRCRAFT  LAUNCHES  PER  TIME  INTERVAL  TI  C 

TIO  =  OPERATIONAL  EFFECT I VENSS  OUTPUT  TIME  INCREMENT  C 

TMO  »  MAXIMUM  TIME  FOR  OPERATIONAL  EFFECTIVENESS  C 

OUTPUT  C 

C 

•««<  ANALYTICAL  VARIABLES  C 

C 

ARA  =  AIRCRAFT  RELIABILITY  C 

AMSBF  *  AIRCRAFT  MEAN  NUMBER  OF  SORTIES  BETWEEN  C 

FAILURES  C 

SPM(I,J)  ■  PROBABILITY  THAT  MAINT  ACTION  J  ON  SUBSYSTEM  C 
I  IS  REQUIRED  GIVEN  AIRCRAFT  HAS  FAILED  C 

AMRTA  -  AIRCRAFT  MEAN  REPAIR  TIME  C 

AVRTA  *  AIRCRAFT  VARIANCE  OF  REPAIR  TIME  C 

DEN(K)  *  REPAIR  TIME  PROBABILITY  DENSITY  AT  TIME  C 

INCREMENT  K  C 

CUMA(K)  •  REPAIR  TIME  CUMULATIVE  PROBABILITY  AT  TIME  C 

INCREMENT  K  C 

C 

mi  SIMULATION  VARIABLES  C 

C 

N  -  NUMBER  OF  FAILED  AIRCRAFT  (SAMPLE  SIZE)  C 

NS1  -  RANDOM  NUMBER  SEED  FOR  SUBSYSTEM  FAILURES  C 

NS2  «  RANDOM  NUMBER  SEED  FOR  REPAIR  TIMES  C 

CL  «  OUTPUT  CONFIDENCE  LEVEL  C 

ZA  •  OUTPUT  Z-VALUE  C 

NSO  -  NUMBER  OF  SIMULATION  OUTPUTS  C 

(NSO-li  MULTIPLE  FAILURE  ONLY)  C 

(NSO-21  SINGLE  AND  MULTIPLE  FAILURE)  C 

C 


NFAOO 

NFAT 

NAT 


ASFRT(I) 

AMFRT(I) 

ASFR 

AMFR 


AMRT<1) 

AVRT(l) 


FRQ(K) 

CUMS(K) 


NUMBER  OF  AIRCRAFT  ARRIVING  WITH  K  FAILED 
SUBSYSTEMS 

TOTAL  NUMBER  OF  AIRCRAFT  ARRIVING  WITH 

FAILED  SUBSYSTEMS 

TOTAL  NUMBER  OF  AIRCRAFT 


SINGLE  FAIULRE  REPAIR  TIME  FOR  AIRCRAFT  I 
MULTIPLE  FAILURE  REPAIR  TIME  FOR  AIRCRAFT 
AIRCRAFT  SINGLE  FAILURE  RELIABILITY 
AIRCRAFT  MULTIPLE  FAILURE  RELIABILITY 


AIRCRAFT  MEAN  REPAIR  TIME 

<AMRT (2) , AMRT <3) >  ■  CONFIDENCE  INTERVAL 

AIRCRAFT  VARIANCE  OF  REPAIR  TIME 

(AMRT (2) ,  AVRT (3) >  -  CONFIDENCE  INTERVAL 

REPAIR  TIME  FREQUENCY  FOR  TIME  INTERVAL  K 

REPAIR  TIME  CUMULATIVE  FREQUENCY  AT  TIME 

INCREMENT  K 


tut  COMPARISON  VARIABLES 


RTK<K)  *  REPAIR  TIME  AT  SIMULATION  CDF  INCREMENT  K 
PAK(K)  «  ANALYTICAL  PROPORTION  AT  INCREMENT  K 

PSK  < 1 , K >  -  SIMULATION  PROPORTION  AT  INCREMENT  K 

<PSK<2) pPSK<3) )  ■  CONFIDENCE  INTERVAL 
PDK(1,K>  =*  DIFFERENCE  BETWEEN  PROPORTIONS  AT  INCREMENT  K 
<PDK<2,K) ,PDK(3,K)>  -  CONFIDENCE  INTERVAL 
PDA  >  AVERAGE  DIFFERENCE  BETWEEN  PROPORTIONS 

PDM  •  MAXIMUM  DIFFERENCE  BETWEEN  PROPORTIONS 

PDMT  -  TIME  AT  MAX  DIFFERENCE  BETWEEN  PROPORTIONS 

tttt  OPERATIONAL  EFFECTIVENESS  TRANSLATION  VARIABLES 


TK(K) 

QSK (K> 

QTK(K) 

QRK(K) 

RAKK) 

AVLK(K) 

SRATEK(K) 

AVLA 

AVLM 

TSOR 

SPATE 

TREP 

RRATE 


TIME  AT  TIME  INCREMENT  K 

QUANTITY  OF  AIRCRAFT  FLYING  SORTIES  AT  TK(K) 
QUANTITY  OF  AIRCRAFT  BEING  TURNED  AT  TK(K) 
QUANTITY  OF  AIRCRAFT  BEING  REPAIRED  AT  TKOO 
QUANTITY  OF  READY  AIRCRAFT  AT  TKOO 
AIRCRAFT  AVAILABILITY  AT  TK(K) 

SORTIE  GENERATION  RATE  UP  TO  TK(K> 

AVERAGE  AIRCRAFT  AVAILABILITY 
MINIMUM  AIRCRAFT  AVAILABILITY 
TOTAL  QUANTITY  OF  SORTIES  FLOWN 
SORTIE  GENERATION  RATE 
TOTAL  QUANTITY  OF  REPAIRS  PERFORMED 
REPAIR  RATE 


C  till  TIMING  VARIABLES  C 

C  C 

C  CPUT ( 1 )  =  CPU  TIME  REQUIRED  FOR  DATA  INPUT  AND  C 

C  TRANSFORMATION  C 

C  CPUT (2)  -  CPU  TIME  USED  BY  ANALYTICAL  METHOD  C 

C  CPUT (3)  -  CPU  TIME  USED  BY  SIMULATION  METHOD  C 

C  C 

ctttttttttttttutttttttttuttttttttuuttttttttttttttttttttttttttttttttc 

c 
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PROGRAM  RTDM1 

COMMON/ INIT/TI , TM, SCALE, NSUB, NWUC( 30) , SMSBF (30) , SREL (30) 

,N0IS(3O, 3) , SQM (30, 3) ,SMRT (30, 3) ,  SVRT (30, 3) 

,  , SMU (30, 3) ,  SS6SQ  (30,  3) ,  SSG  (30, 3) ,  NAF,  ST,  TT,  SW 

r  ,STIM,TIO,TMO 

COMMON/CALC/ARA, AMSBF, SPM (30, 3) , AMRTA, AVRTA, DEN< 100) , CUMA ( 100) 

C0MM0N/SIM1/N, NS1 , NS2, CL, ZA, NSO, NFA(OiA) , NFAT , NAT ,  ASFRT ( 100000) 
i,  ,ASFR,AMFRT(  100000),  AMFR,CUMS(  100) 

C0MM0N/SIM2/AMRT (3) , AVRT (3) , FRQ ( 100) 

COMMON/COMP/POA, PDM, PDMT , RTK (20) , PAK (20) , PSK (3, 20) , PDK (3, 20) 

COMMON/TRAN/TK (300) , QSK (500) , QTK (300) , QRK (500) , RAK (500) , AVLK (500) 
h  , SRATEK (500) , AVLA, AVLM, TSOR, SRATE, TREP, RRATE 

COMMON/CPU/CPUT (3) 

OPEN  (UNIT-1 1 , FILE-’ RTDM1 . DAT’ , STATUS-’ OLD' ) 

REHIND(ll) 

OPEN  (UNIT-12, FILE-’ RTDM2. OUT’ .STATUS-’ NEW’ ) 

CALL  INITIAL 
CALL  CALCULATE 
N-40000 

READ  (11,0  NS1 

READ  (11, »  NS2 

CL -0.95 
NSO-1 

CALL  SIMULATE 
CALL  COMPARE 
WRITE  (12,10) 

FORMAT  (’1’,’***  ANALYTICAL  AVAILABILITY  AND  ’, 

&  ’SORTIE  GENERATION  RESULTS  Ml’//) 

CALL  TRANSLATE (ARA, CUMA) 

WRITE  (12,20) 

FORMAT  (’ 1 ','»*•  SIMULATION  AVAILABILITY  AND 
&  ’SORTIE  GENERATION  RESULTS  «*’//> 

CALL  TRANSLATE (ARA, CUMS) 

WRITE  (12,30) 

FORMAT  (’ 1’ , ’ ttt  NORMAL  PROGRAM  TERMINATION  •••  ) 

CLOSE  (ID 
CLOSE (12) 


nnnnn 


C 

c 

SUBROUTINE  INITIAL 

«*t  SUBROUTINE  INITIAL  READS  THE  INPUT  DATA  AND  PERFORMS 

TRANSFORMATIONS  ON  THE  DATA  TO  PRODUCE  ADDITIONAL  VARIABLES 
USED  REPEATEDLY  THROUGHOUT  THE  PROGRAM. 

COMMON/INIT/TI, TM, SCALE, NSUB, NWUC (30) , SMSBF (30) , SREL (30) 

&  ,NDIS<30,3) ,SQM<30,3) ,SMRT(30,3> ,SVRT(30,3) 

&  , SMU(30,3) , SS6SQ(30, 3) , SSG (30, 3) , NAF, ST,TT,SW 

&  tSTIM,TIO,TMO 

C 

COMMON/CPU/CPUT (3) 

C 

READ  (11,1)  TI,TM, SCALE, NSUB 
C 

DO  20  1*1, NSUB 

READ  (11, t)  NWUC ( I ) , SMSBF ( I ) , 

Si  <NDIS(I,J),SQMd,J>  ,SMRT(I,  J)  ,SVRT(I,  J) ,  J*l,3> 

SMSBF  (I) -SMSBF  (DISCALE 
SREL  < I ) -EXP (-1 . 0/SMSBF (I) ) 

DO  10  J-1,3 

SMRTSQ-SMRT  ( I ,  J )  ISMRT  ( I ,  J ) 

IF  (NDISd,  J) . EQ.  1)  THEN 

SMU ( I , J ) -ALOG ( SMRTSQ/SQRT ( SVRT (I, J) +SMRTSO) ) 

SSGSQ (I, J) -ALOG ( (SVRT (I, J) +SMRTSO) /SMRTSQ) 

SSG ( I , J ) -SORT ( SS6SQ ( I , J ) ) 

ELSE1F  (NDISd,  J)  .EQ.2)  THEN 
SVRTd,  J)-1.0/SMRTSQ 
ENDIF 

10  CONTINUE 

20  CONTINUE 
C 

READ  (11,*)  NAF, ST , TT , SW, STIM, TIO, TMO 
C 

CALL  ERRCHK 
CALL  INITOUT 
CALL  TIMERd) 

C 

RETURN 

END 


cummtimummmtmtitmmtttmtttttutmimttttmmm 

c 

SUBROUTINE  ERRCHK 
C 

C  m  SUBROUTINE  ERRCHK  CHECKS  THE  INPUT  DATA  FOR  ILLEGAL  VALUES 
C  AND  RELATIONAL  INCONSISTENCIES.  IF  ILLEGAL  VALUES  OR 

C  INCONSISTENCIES  ARE  FOUND,  AN  ERROR  MESSAGE  IS  DISPLAYED  AND 

C  THE  PROGRAM  IS  TERMINATED. 

C 

COMMON/ INIT/TI , TM, SCALE, NSUB, NWUC (30) , SMSBF (30) , SREL (30) 

Si  ,NDIS(30,3> , SQM (30, 3)  ,SMRT (30,3)  ,SVRT (30,3) 

Sc  , SMU(30, 3) , SSGSQ (30, 3) , SSG  <30, 3) , NAF, ST, TT, SW 

Si  ,STIM,TIO,TMO 

C 

C  m  LOCAL  VARIABLE  DEFINITIONS 
C  NERR  -  NUMBER  OF  ERRORS  IDENTIFIED 

C 

NERR-0 

C 

CALL  MULTERR (TM, TI , ’ CDF  MAX  TIME', ’CDF  TIME  I NCR ', NERR) 

C 

DO  60  I -1, NSUB 
DO  40  J-1,3 

IF  ( (NDIS(I, J) . NE.O) .AND. (NDIS(I, J) .NE. 1) 

Si  .AND.  <NDISd,J).NE.2>>  THEN 

WRITE  (12,20)  J,NWUC(I) 

20  FORMAT  (IX, ’ INPUT  ERROR  —  NDIS  FOR  ACTION  ',11, 

Si  ’  ON  SUBSYSTEM  ’,12,'  NOT  0,  1,  OR  2’/) 

NERR-NERR+1 
ENDIF 

IF  ( (NDISd,  J) . EQ.O)  .AND.  (SQMd,  J) . NE.O.O) )  THEN 
WRITE  (12,30)  J,NWUCd> 

30  FORMAT  (IX, 'INPUT  ERROR  —  SQM  FOR  ACTION  ',11, 

Si  ’  ON  SUBSYSTEM  ’,12,’  MUST  BE  0.0’/) 

NERR-NERR+1 
ENDIF 

40  CONTINUE 

IF  (ABS(SQM(I, 1 ) +SQM( I, 2) +SQM(I, 3) -1.0) .6T. 0.001)  THEN 
WRITE  (12,50)  NWUC ( I ) 

50  FORMAT  (IX, 'INPUT  ERROR  —  SUM  OF  SQM  FOR  SUBSYSTEM  ’, 

Si  12,’  NOT  EQUAL  TO  1.0’/) 

NERR-NERR+1 

ENDIF 

60  CONTINUE 
C 

CALL  MULTERR ( ST, T I, 'SORTIE  TIME  ’,’CDF  TIME  INCR  ’ ,NERR) 

CALL  MULTERR <TT,T I, 'TURN  TIME  ',’CDF  TIME  INCR  ’ ,NERR> 

CALL  MULTERR <SW,TI,’ SORTIE  WINDOW  ',’CDF  TIME  INCR  ’ ,NERR) 

CALL  MULTERR (TIO,TI, 'AVAIL  TIME  INCR’, 'CDF  TIME  INCR  ’ ,NERR> 

CALL  MULTERR (TMO.TIO, 'AVAIL  MAX  TIME  ’, 'AVAIL  TIME  INCR  ’ ,NERR) 

C 


nnooonoo 


IF  (NERR.GT.O)  THEN 
NRITE  (12,70)  NERR 

70  FORMAT  (IX, 12, ’  INPUT  ERRORS  DETECTEDi  PROGRAM  TERMINATED’) 

STOP 
ENDIF 
C 

RETURN 

END 

C 

ctmmmmttmmmmtmmtmmmmmmmmmmmm 

SUBROUTINE  MULTERR(XM, XI, CXM, CXI, NERR) 

t*t  SUBROUTINE  MULTERR  VERIFIES  THAT  XI  IS  AN  EVEN  MULTIPLE  OF  XM. 
IF  XI  IS  NOT  A  MULTIPLE  OF  XM,  AN  ERROR  MESSAGE  IS  PRINTED  AND 
THE  ERROR  COUNTER  IS  INCREASED  BY  ONE. 

t*t  LOCAL  VARIABLE  DEFINITIONS 

CXM,  CXI  *  IDENTIFIERS  OF  OFFENDING  VARIABLES 

CHARACTER* IS  CXM, CXI 

IF  (ABS(AM0D(XM+0. 0001, XI)). 6T. 0.001)  THEN 
WRITE  (12,10)  CXM, CXI 
10  FORMAT  (IX, ’INPUT  ERROR  —  ’,A15,'  NOT  A  MULTIPLE  OF  ’,A15/) 

NERR-NERR+1 
ENDIF 
C 

RETURN 

END 

C 


nnnnnnnn  nooo 
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c 

SUBROUTINE  INI TOUT 

ttt  SUBROUTINE  INITOUT  PRINTS  THE  INPUT  DATA  TO  THE  OUTPUT  FILE  IN 
A  LABELED  FORMAT. 

COMMON/ INIT/TI , TM, SCALE, NSUB, NWUC ( 30) , SMSBF (30) , SREL (30) 

&  ,NDIS(30,3) , SQM (30, 3) ,SMRT (30,3) ,SVRT (30,3) 

&  ,  SMU(30, 3) ,  SSGSQ  (30, 3) ,  SSG  (30, 3) ,  NAF,  ST,  TT,  SW 

&  , STIM,TIO,TMO 

ttt  LOCAL  VARIABLE  DEFINITIONS 

CNDIS(I, J)  -  ALPHANUMERIC  IDENTIFIER  FOR  DISTRIBUTIONAL  FORM 
OF  MAINTENANCE  ACTION  J  ON  SUBSYSTEM  I 
’N/A’  ■  NOT  APPLICABLE 
’LSN'  -  LOGNORMAL 
’EXP’  »  EXPONENTIAL 

CHARACTERt3  CNDIS(30,3) 

C 

DO  20  1*1 ,  NSUB 
DO  10  J-1,3 

IF  (NDIS(I, J) . EQ.O)  THEN 
CNDIS (I, J) =’ N/A’ 

ELSE  IF  (NDISd,  J) .  EQ.  1)  THEN 
CNDIS (I , J ) *’ LGN’ 

ELSEIF  (NDISd, J).EQ.2)  THEN 
CNDIS (I, J)*’ EXP’ 

END1F 


10 

CONTINUE 

20 

r 

CONTINUE 

u 

30 

WRITE  (12,30) 

FORMAT  (IX, 'ttt  INITIAL  DATA  ttt'//) 

L 

40 

WRITE  (12,40)  TI 

FORMAT  (IX, ’PDF /CDF  REPAIR  TIME  INCREMENT! 

’ , F5.2) 

50 

WRITE  (12,50)  TM 

FORMAT  (IX, ’PDF/CDF  MAXIMUM  REPAIR  TIME! 

’ ,F5.2/) 

60 

r 

WRITE  (12,60)  SCALE 

FORMAT  (IX, ’RELIABILITY  SCALING  FACTOR* 

' ,F5.2/) 

U 

70 

c 

WRITE  (12,70)  NSUB 

FORMAT  (IX, ’TOTAL  NUMBER  OF  SUBSYSTEMS* 

’,15/) 

B-9 


WRITE  (12,80) 


FORMAT  (1X,T31, ’REMOVE  AND  REPLACE’ , T63, ’ REPAIR  IN  PLACE’, T99 
i  'CAN  NOT  DUPLICATE’/) 

WRITE  (12,90) 

FORMAT  (IX, ’SUBSYS’ ,2X, ’  SUBSYS’ , 2X, ’ SUBSYS’ , 
i  3(4X, ’  DIST’ ,2X, '  CQND’ , 2X, ’  MEAN’,2X,’  VAR-’)) 

WRITE  (12,100) 

FORMAT  (IX,’  CODE’ , 2X, ’  MSBF’,2X,’  REL’, 
i  3(4X, ’  TYPE’ ,2X, ’  PR0B’,2X,’  TIME’,2X,’  IANCE’ > /> 

DO  120  1*1, NSUB 

WRITE  (12,110)  NWUC ( I ) , SMSBF ( I > , SREL ( I ) , 
t  (CNDIS(I, J) ,SQM(I, J) ,SMRT (I, J) , SVRT (I, J) , J*l,3> 

FORMAT  (IX, 16, 1X,F9.3,2X,F6.3,3(7X,A3,3(2X,F6.3) ) ) 
CONTINUE 

WRITE  (12,130) 

FORMAT  (//IX, ’AVAILABILITY/SORTIE  GENERATION  PARAMETERS’/) 
WRITE  (12,140)  NAF 

FORMAT  (IX, ’AIRCRAFT  FORCE  SIZE:  ’,16) 

WRITE  (12,150)  ST 

FORMAT  (IX, 'AIRCRAFT  SORTIE  TIME!  ’,F6.2) 

WRITE  (12,160)  TT 

FORMAT  (IX, ’AIRCRAFT  TURN  TIMEl  ’,F6.2> 

WRITE  (12,170)  SW 

FORMAT  (IX, ’SORTIE  LAUNCH  WINDOW!  ’,F6.2) 

WRITE  (12,180)  STIM 

FORMAT  (IX, ’MAXIMUM  LAUNCHES  PER  PERIOD  TIi  ’,F6.2/) 

WRITE  (12,190)  TIO 

FORMAT  (IX, ’AVAIL/SORT  GEN  TIME  INCREMENT!  \F6.2) 

WRITE  (12,200)  TMO 

FORMAT  (IX, ’AVAIL/SORT  GEN  MAXIMUM  TIME:  ’,F6.2> 


RETURN 


onnnnn  nnnn 
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c 

SUBROUTINE  TIMER (NT) 

***  SUBROUTINE  TIMER  DETERMINES  THE  AMOUNT  OF  CORE  PROCESSING 
TIME  USED  BY  AN  OPERATION. 

COMMON/CPU/CPUT (3) 

m  LOCAL  VARIABLE  DEFINITIONS 

ICT  *  CURRENT  CPU  TIME  USED  BY  PROGRAM  IN  HUNDRETHS  OF  A 
SECOND 

CT  *  CURRENT  CPU  TIME  USED  BY  PROGRAM  IN  SECONDS 

INCLUDE  MMPIDEF)’ 

CALL  LIB*GETJPI(JPI*_CPUTIM,,,ICT) 

CT«FL0AT(ICT>/100.0 
C 

IF  (NT.EQ.l)  THEN 
CPUT  (NT)*CT 
ELSE 

CPUT (NT) -CT-CPUT (NT- 1 ) 

ENDIF 

C 

RETURN 


o  n  o  n  o  o  n  o  o  o  n  o  o  n 
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c 

SUBROUTINE  CALCULATE 

**t  SUBROUTINE  CALCULATE  COMPUTES  AN  ANALYTICAL  MEAN  AND  VARIANCE 
FOR  THE  AIRCRAFT  REPAIR  TIME  DISTRIBUTION.  IT  ALSO  COMPUTES 
THE  VALUE  OF  THE  PROBABILITY  DENSITY  FUNCTION  AND  CUMULATIVE 
DISTRIBUTION  FUNCTION  AT  EACH  TIME  INCREMENT  TI  UP  TO  A 
MAXIMUM  REPAIR  TIME  TM. 

COMMON/ INI T/TI, TM, SCALE, NSUB, NWUC (30) , SMSBF (30) , SREL (30) 

8c  ,NDIS(30,3> , SQM <30, 3) ,SMRT (30,3) ,SVRT(30,3) 

8c  ,SMU(30,3) ,SSGSQ(30,3) ,SSG(30,3) ,NAF,ST,TT,SW 

&  ,STIM,TIO,TMO 

COMMON/CALC/ARA, AMSBF, SPM (30, 3) , AMRTA, AVRTA, DEN (100) , CUMA(IOO) 

C0MM0N/CPU/CPUT(3) 

m  LOCAL  VARIABLE  DEFINITIONS 

APF  *  PROBABILITY  OF  AIRCRAFT  FAILURE  ASSUMIN6  ONLY  ONE 
SUBSYSTEM  FAILS 

ARA-1.0 
APF-0.0 
AMRTA-0.0 
AVRTA=0.0 
C 

DO  10  1=1, NSUB 

ARA=ARA*SREL ( I ) 

APF=APF+ ( 1 . O-SREL ( I ) ) 

10  CONTINUE 

AMSBF—1 . 0/ALOG  (ARA) 

C 

DO  30  1=1, NSUB 
DO  20  J«l,3 

SPM ( I , J ) * ( ( 1 . O-SREL ( I ) ) /APF ) 8SQM ( I , J ) 

AMRT  A=AMRT  A+SPM (I, J) ISMRT (I, J) 

IF  (NDISd,  J) . EQ.  1)  THEN 
AVRTA=AVRTA 

8c  +SPM(I,J)*EXP(28SMU(I, J)+2ISSGSQ(I,  J)) 

ELSE IF  <NDIS(I, J) .EQ.2)  THEN 

AVRT  A*AVRT  A+SPM (I , J ) 828SMRT (I , J ) 8SMRT (I , J ) 

END  IF 

20  CONTINUE 

30  CONTINUE 
C 


I 


onooo  r»  nono 
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c 

FUNCTION  DENSITY (T) 

It*  FUNCTION  DENSITY  RETURNS  THE  VALUE  OF  THE  AIRCRAFT  REPAIR  TIME 
PROBABILITY  DENSITY  FUNCTION  ASSOCIATED  WITH  REPAIR  TIME  T. 

COMMON/ INIT/TI, TM, SCALE, NSUB, NWUC (30) , SMSBF (30) , SREL (30) 

It  , NDIS (30, 3) , SQM (30, 3) , SMRT (30,3), SVRT  <  30, 3) 

It  , SMU(30, 3) , SS6SQ(30, 3) , SSG(30, 3) ,NAF, ST, TT,  SW 

&  ,STIM,TIO,TMO 

COMMON/CALC/ARA, AMSBF, SPM (30, 3) , AMRTA, AVRTA, DEN (100) , CUMA ( 100) 

III  LOCAL  VARIABLE  DEFINITIONS 

T DENSITY  -  TEMPORARY  VARIABLE  FORM  ST0RIN6  ITERATIVE  WEIGHTED 
SUM  OF  SUBSYSTEM  DENSITIES 

TDENSITY-0.0 
C 

DO  20  1*1, NSUB 
DO  10  J-1,3 

IF  (NDIS(I,J).EQ.l)  THEN 

TDENS I TY*TDENS I TY+8PM ( I , J ) I 

&  EXP(-((AL06(T)-SMU(I, J) ) 1*2) / <2«SSGSQ( I , J) ) ) 

&  / <TI2.50662B3ISSG(I, J) > 

ELSEIF  (NDISd,  J)  .£0. 2)  THEN 
TDENS I TY-TDENS I TY+SPM ( I , J ) I 
*  EXP(-T/SMRT(I, J) ) /SMRT (I, J) 

END  IF 

10  CONTINUE 

20  CONTINUE 
C 

DENSITY-TDENSITY 

C 

RETURN 

END 


uuouu  u  u  u  u  u  u 


c 

FUNCTION  CUMUL(T) 

m  FUNCTION  CUMUL  RETURNS  THE  VALUE  OF  THE  AIRCRFT  REPAIR  TIME 
CUMULATIVE  DISTRIBUTION  FUNCTION  ASSOCIATED  WITH  REPAIR  TIME 
T. 

COMMON/ INIT/TI , TM, SCALE, NSUB, NNUC (30) , SMSBF (30) , SREL (30) 

&  , NDIS  (30, 3) ,  SQM (30, 3) , SMRT  (30, 3> , SVRT  (30, 3) 

&  ,  SHU (30, 3) ,  SSGSQ  (30, 3) ,  SSG  (30, 3) ,  NAF,  ST,  TT,  SN 

&  ,STIM,TIQ,TMO 

COMMON/CALC/ARA, AMSBF, SPM (30, 3) , AMRTA, AVRTA, DEN(IOO) , CUMA(IOO) 

It*  LOCAL  VARIABLE  DEFINITIONS 

TCUMUL  ■  TEMPORARY  VARIABLE  FOR  ST0RIN6  ITERATIVE  WEIGHTED 
SUM  OF  SUBSYSTEM  CDF  VALUES 

TCUMUL “0. 0 
C 

DO  20  1*1 , NSUB 
DO  10  J-1,3 

IF  (NDIS(I, J) . EQ. 1)  THEN 

TCUMUL-TCUMUL+SPM (I, J) SPLGN (I, J,T) 

ELSEIF  (NDIS(I, J) .EQ. 2)  THEN 

TCUMUL-TCUMUL+SPM (J ,  J)  I  <1 . O-EXP (-T/SMRT (I, J ) ) ) 

END  IF 

10  CONTINUE 

20  CONTINUE 
C 

CUMUL-TCUMUL 

C 

RETURN 

END 


n  n  n  n  n 
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FUNCTION  PLGN(I,J,T> 

*t«  FUNCTION  PLGN  RETURNS  THE  CUMULATIVE  PROBABILITY  ASSOCIATED 
WITH  REPAIR  TIME  T  FOR  A  LOGNORMAL  SUBSYSTEM  REPAIR  TIME 
DISTRIBUTION  FOR  MAINTENANCE  ACTION  J  ON  SUBSYSTEM  I. 

COMMON/ INIT/TI, TM, SCALE, NSUB, NNUC (30) , SMSBF (30) , SREL (30) 
t>  ,NDIS(30,3) , SQM (30, 3)  ,SMRT (30,3) , SVRT (30,3) 

Si  , SMU (30, 3) , SS6S0 (30, 3) , SSG (30, 3) , NAF, ST, TT, SW 

Si  ,STIM,TIO,TMO 

C 

DATA  AO/O. 797884560393/, A1 /-O. 331923007300/ 

DATA  A2/0. 319152932694/, A3/-0. 151968751364/ 

DATA  A4/0. 059054035642/, A5/-0. 019198292004/ 

DATA  A6/0. 00519877501 9/ , A7/ -0 . 001075204047/ 

DATA  A8/0. 000124818987/ 

DATA  BO/O. 999936657524/, Bl/O. 000535310849/ 

DATA  B2/-0. 002141268741 /, B3/0. 005353579108/ 

DATA  B4/-0. 00927945334 1 / , B5/0. 0 1 1630447319/ 

DATA  B6/-0. 010537625006/, B7/0. 006349791214/ 

DATA  B8/-0. 002034254874/ , B9/-0. 000794620820/ 

DATA  B10/0. 001390604284/, B11/-0. 0006760904986/ 

DATA  B12/-0.000019538132/,B13/0. 000152529290/ 

DATA  B14/-0. 000043255659/ 

C 

X- ( AL06 (T ) -SMU < I , J ) ) /SORT (SSGSQ ( I , J ) ) 

V-ABS<X)/2.0 

C 

IF  (V.GE.3.0)  THEN 
Z-1.0 

ELSE IF  (V.LT.1.0)  THEN 
W-VSV 

Z» (((((( ( (A8SW+A7) tW+A6) IW+A5) SW+A4) SW+A3) SW+A2) SW+A1 ) SW+AO) 
Si  SVS2 

ELSEIF  (V.GE.1.0)  THEN 
V-V-2.0 

Z- ((((((((((( ( (B14SV+B13) SV+B12) SV+B1 1 ) SV+B10) SV+B9) SV+B8) 

Si  SV+B7) SV+B6) SV+B5) SV+B4) SV+B3) SV+B2) SV+Bl ) SV+BO 

END  IF 
C 

IF  (X.GT.O.O)  THEN 
PLGN- <Z+1. 01/2.0 
ELSE 

PLGN-(1.0-Z)/2.0 

ENDIF 

C 


RETURN 
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c 

SUBROUTINE  CALCOUT 
C 

C  m  SUBROUTINE  CALCOUT  WRITES  THE  RESULTS  OF  THE  ANALYTICAL 
C  CONFUTATIONS  TO  THE  OUTPUT  FILE  IN  A  LABELED  FORMAT. 

C 

COMMON/ INIT/TI , TM, SCALE, NSUB, NWUC (30) , SMSBF (30) , SREL (30) 
l<  , NDIS(30,3) , SQM (30, 3) ,SMRT (30,3) ,SVRT (30,3) 

&  ,  SMU<30, 3) ,  SS6SQ (30, 3) ,  SSG  ( 30, 3) ,  NAF,  ST,  TT,  SM 

tc  ,STIM,TIO,TMO 

C 

COMMON/CALC/ARA, AMSBF, SFM (30, 3) , AMRTA, AVRTA, DEN (100) , CUMA ( 100) 

C 

C  ***  LOCAL  VARIABLE  DEFINITIONS 

C  LINE  «  CHARACTER  STRING  FOR  GRAPHICAL  PLOT  OF  REPAIR  TIME 

C  DISTRIBUTION 

C 

CHARACTER* 100  LINE 
C 

WRITE  (12,10) 

10  FORMAT  ('1',’***  ANAL TYI CAL  RESULTS  «*’//) 

C 

WRITE  (12,20)  ARA 

20  FORMAT  (lX.’AIRCWtfT  RELIABILITY!  ',F7.4> 

WRITE  (12,30)  AMSBF 

30  FORMAT  (IX, 'AIRCRAFT  MEAN  SORTIES  BETWEEN  FAILURES*  ',F7.4/> 
WRITE  (12,40)  AMRTA 

40  FORMAT  (IX, 'SINGLE  FAILURE  MEAN  REPAIR  TIME*  ',F7.4) 

WRITE  (12,90)  AVRTA 

30  FORMAT  (IX, 'SINGLE  FAILURE  VARIANCE  OF  REPAIR  TIME*  ',F7.4//) 

C 

WRITE  (12,60) 

60  FORMAT  (IX, ’PDF(T) ' ,2X, 'CDF (T) ' , IX, ’  TIME’) 

WRITE  (12,70) 

70  FORMAT  (1X,T23,20(’+’ ,4X> , ’+’ ) 

C 

DO  100  T«TI,TM,TI 
K-NINT(T/TI> 

DO  80  L-l, 100 

LINE(LiL)*’  ' 

IF  (L.EQ.NINT (100. Of DEN (K) ) )  THEN 
LINE(LiL)-’P’ 

ELSEIF  (L.EQ.NINT ( 100. OtCUMA(K) ) )  THEN 
LINE(LiL>»'C' 

ELSEIF  (L.EQ.100)  THEN 
LINE(L«L)»’«-' 

END  IF 

80  CONTINUE 

WRITE  (12,90)  DEN (K) , CUMA(K) , T, LINE 
90  FORMAT  (1X,2(F6.4,2X) ,F5.2,T23, ’+’ , A100) 

100  CONTINUE 


uuuuuuuuu  u  uuuuuuuuu 
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c 

SUBROUTINE  SIMULATE 

ttt  SUBROUTINE  SIMULATE  EMPLOYS  MONTE  CARLO  SIMULATION  TO  PRODUCE 
A  REPAIR  TIME  DISTRIBUTION  WHICH  INCLUDES  REPAIR  TIMES  OF 
AIRCRAFT  WITH  MULTIPLE  SUBSYSTEM  FAILURES.  A  SINGLE  FAILURE 
DISTRIBUTION  IS  ALSO  PRODUCED  IF  REQUESTED  BY  THE  USER. 
AIRCRAFT  RELIABILITY,  MEAN  REPAIR  TIME  (WITH  CONFIDENCE 
LIMITS)  AND  REPAIR  TIME  VARIANCE  (WITH  CONFIDENCE  LIMITS)  ARE 
ALSO  COMPUTED. 

COMMON/ INIT/TI , TM, SCALE, NSUB, NWUC (30) , SMSBF (30) , SREL (30) 

St  ,NDIS(30,3) , SQM (30, 3) ,SMRT (30,3) ,  SVRT (30,3) 

St  , SMU(30, 3) , SSGSQ(30, 3) , SS6(30, 3) , NAF,ST, TT, SW 

St  , STIM, TIO, TMO 

C0MM0N/SIM1 /N, MSI , NS2, CL, ZA, NSO, NFA (Oi 6) , NFAT, NAT, ASFRT ( 100000) 

&  , ASFR, AMFRT ( 1 00000 ) ,AMFR,CUMS( 100) 

ttt  LOCAL  VARIABLE  DEFINITIONS 

NFSUB  «  NUMBER  OF  FAILED  SUBSYSTEMS 
AFT  -  AIRCRAFT  FAILURE  TIME  IN  SORTIES 
T ASFRT  -  TEMPORARY  AIRCRAFT  SIN6LE  FAILURE  REPAIR  TIME 
T AMFRT  -  TEMPORARY  AIRCRAFT  MULTIPLE  FAILURE  REPAIR  TIME 
SFT  -  SUBSYSTEM  FAILURE  TIME  IN  SORTIES 
SRT  -  SUBSYSTEM  REPAIR  TIME 

DO  10  1-0,6 
NFA(I)-0 


10 

CONTINUE 

NFAT-0 

c 

20 

IF  (NFAT.LT.N)  THEN 

NFSUB-0 
AFT -1.0 
TASFRT-0.0 
TAMFRT-0. 0 
DO  30  I-1,NSUB 

SFT-REXP (SMSBF (I) ,NS1) 

IF  (SFT. LE. 1.0)  THEN 
SRT -SUBREP ( I , NS2 ) 
NFSUB-NFSUB+1 
IF  (SFT. LT. AFT)  THEN 
AFT-SFT 
TASFRT-SRT 
ENDIF 

TAMFRT-AMAX1 (TAMFRT, SRT) 
ENDIF 

30  CONTINUE 


IF  (NFSUB.EQ. 0)  THEN 
NFA(0)*NFA(0)*1 
ELSE 

NFAT-NFAT+1 
A8FRT (NFAT) »TASFRT 
AMFRT (NFAT) «TAMFRT 
IF  (NFSUB.EQ. 1)  THEN 
hFA(l)*NFA(l)+l 
ELSE IF  (NFSUB.6T. 1)  THEN 
DO  40  K-2,5 

IF  (NFSUB.EQ. K)  NFA(K)*NFA(K)+1 
CONTINUE 

IF  (NFSUB.GT.S)  NFA(6)-NFA(6)+1 
ENDIF 
END  IF 
GOTO  20 
ENDIF 

NAT«NFA(0>+NFAT 
ASFR-1 . O-FLOAT (NFA<1) ) /NAT 
AMFR-FLOAT (NFA (0) ) /NAT 
CALL  SINQUT 

ZA-SNORM ( 1 . 0- ( 1 . O-CL ) /2. 0) 

IF  (NS0.EQ.2)  THEN 
WRITE  (12,30) 

FORMAT  (’ l’, ’SINGLE  FAILURE  REPAIR  TIME  RESULTS’//) 
CALL  SIMSPLIT <N,CL,  ZA, ASFRT,CUMS) 

ENDIF 

WRITE  (12,60) 

FORMAT  (’1’, ’MULTIPLE  FAILURE  REPAIR  TIME  RESULTS’//) 
CALL  SIMSPLIT(N,CL,ZA,AMFRT,CUMS) 

CALL  TIMER(3) 

RETURN 


TOPS' 


noon  n  n  n  o  noon 


cmttmttimttimtmmmtKMitmmmumMmmtttmttmt 

c 

FUNCTION  REXP (SMRT, NS) 

ttt  FUNCTION  REXP  RETURNS  A  RANDOM  VARIATE  FROM  AN  EXPONENTIAL 
DISTRIBUTION  WITH  MEAN  SMRT  USING  RANDOM  NUMBER  SEED  NS. 

R-RAND(NS) 

REXP— SMRT*  ALOG<R) 

RETURN 
END 


FUNCTION  RAND (NS) 

(It  FUNCTION  RAND  RETURNS  A  RANDOM  VARIABLE  DISTRIBUTED  UNIFORMLY 
ON  THE  INTERVAL  FROM  0  TO  1  USING  RANDOM  NUMBER  SEED  NS. 

INTEGER  A, D, B15, B16, XHI , XALO, LEFTLO, FHI , K 
C 

DATA  A/16807/, B13/32768/, B16/65536/, D/21474B3647/ 

C 

XHI-NS/B16 

XALO* (NS-XHIIB16) IA 

LEFTL0=XAL0/B16 

FHI*XHI4A+LEFTLO 

K-FHI/B13 

NS= ( ( ( X ALO-LEFTLOtB 16) -D) ♦ <FHI-K*B15) *B16>  +K 
IF  (NS.LT.O)  NS-NS+D 
RAND-FLOAT (NS) *4. 656612875E-10 
C 

RETURN 

END 

C 
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c 

FUNCTION  SUBREP (I, NS) 

*«  FUNCTION  SUBREP  RETURNS  A  REPAIR  TIME  FOR  A  FAILED  SUBSYSTEM 
I  USING  RANDOM  NUMBER  SEED  NS. 

COMMON/ IN I T/T I , TM, SCALE , NSUB , NWUC (30) , SMSBF ( 30  > , SREL ( 30 ) 

«c  ,NDIS(30,3> , SQM (30, 3)  ,SMRT (30,3)  ,SVRT <30,3) 

&  , SMU(30, 3) , SSGSQ(30, 3) , SSG <30, 3) , NAF, ST, TT, SW 

&  ,STIM,TIO,TMO 

*t«  LOCAL  VARIABLE  DEFINITIONS 

TYPEM  *  VARIABLE  FOR  DETERMINING  THE  TYPE  OF  MAINTENANCE 
REQUIRED  FOR  A  SUBSYSTEM 

T YPEM-R AND ( NS ) 

C 

IF  (TYPEM. LE. SQM (I, 1) )  THEN 
IF  (NDISd, 1) . EQ. 1)  THEN 

SUBREP-RLGN  ( SMU  ( 1 , 1 ) ,  SSG  <  1 , 1 ) ,  NS ) 

ELSEIF  <NDIS<I,1).EQ.2>  THEN 
SUBREP-REXP (SMRT ( I , 1 ) , NS) 

ENDIF 

ELSEIF  (TYPEM.LE. (SQM(I,1)+SQH(I,2)))  THEN 
IF  (NDIS(I,2).EQ.1>  THEN 

SUBREP-RLGN (SMU ( I , 2) , SSG ( I , 2) , NS) 

ELSEIF  <NDIS(I,2) . EQ.2)  THEN 
SUBREP-REXP (SMRT ( I , 2) , NS) 

ENDIF 

ELSEIF  (TYPEM. GT. (SQM(I, 1)+SQM(I,2) > )  THEN 
IF  (NDIS(I,3).EQ.l)  THEN 

SUBREP-RLGN (SMU (I , 3) , SSG (I , 3) , NS) 

ELSEIF  (NOISd, 3)  .EQ.2)  THEN 
SUBREP-RE  XP ( SMRT (1 , 3 ) , NS ) 

ENDIF 

ENDIF 

C 

RETURN 
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c 

FUNCTION  RLGN ( SMU , SSG , NS ) 

C 

C  M*  FUNCTION  RLGN  RETURNS  A  RANDOM  VARIATE  FROM  A  LOGNORMAL 
C  DISTRIBUTION  WITH  PARAMETERS  SMU  AND  SSG  USING  RANDOM  NUMBER 

C  SEED  NS. 

C 

R-RAND(NS) 

RLGN=EXP ( SMU+SSG  t SNORM ( R ) ) 

C 

RETURN 

END 

C 
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c 

FUNCTION  SNORM (R) 

C 

C  m  FUNCTION  SNORM  RETURNS  A  PERCENTAGE  POINT  OF  A  STANDARD  NORMAL 
C  DISTRIBUTION  ASSOCIATED  WITH  CUMULATIVE  PROBABILITY  R. 

C 

DATA  AO/2. 50662823884/, A1 /- 18. 6 1500062529/ 

DATA  A2/41 . 391 19773534/ , A3/-25. 44106049637/ 

DATA  B1/-8. 4735109309/ , B2/23. 08336743743/ 

DATA  B3/-21. 06224101826/, B4/3. 13082909833/ 

DATA  C0/-2. 78718931 138/, C1/-2. 20796479134/ 

DATA  C2/4. 8501412713/, C3/2. 32121276858/ 

DATA  Dl/3. 54388924762/ , D2/ 1 . 63706781897/ 

C 

Q*R-0.5 

C 

IF  ( ABS (Q) . LE. 0. 42)  THEN 
QSQ*Q*Q 

X*Qt ( ( (A34QSQ+A2) tQSQ+Al >  tOSQ+AO) / 

&  ( <  <  <B4tQSQ+B3) IQSQ+B2) IQSQ+B1 > IQSO+1 . 0) 

ELSE 

IF  (Q.GT.O.O)  R-l.O-R 
R=SQRT (-ALOG (R) ) 

X= ( ( (C34R+C2) tR+Cl ) IR+CO) / ( (D2IR+D1 ) tR+l . 0) 

IF  <Q.LT.0.0>  X«-X 
ENDIF 
C 

SNORM* X 
C 

RETURN 

END 

C 
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SUBROUTINE  SI MOOT 
C 

C  M*  SUBROUTINE  SIMOUT  WRITES  THE  SIMULATION  AIRCRAFT  RELIABILITY 
C  RESULTS  TO  THE  OUTPUT  FILE  IN  A  LABELED  FORMAT. 

C 

COMMON/SIM1/N, NS1 , NS2, CL, ZA, NSO, NFA (Oi 6) , NFAT, NAT, ASFRT ( lOOOOO) 

&  , ASFR , AMFRT  < 1 00000 ) , AMFR , CUMS (100) 

C 

WRITE  (12,10) 

10  FORMAT  <’l’,’m  SIMULATION  RESULTS  ***’//) 

c 

WRITE  (12,20) 

20  FORMAT  ( 1 X ,’ SUBSYSTEM  FAILURES’/) 

WRITE  (12,30) 

30  FORMAT  (IX, ’NUMBER  FAILURES  NUMBER  AIRCRAFT’/) 

DO  SO  1-0,3 

WRITE  (12,40)  I.NFA(I) 

40  FORMAT  (IX, 7X, II, 15X, 16) 

50  CONTINUE 

WRITE  (12,60)  NFA (6) 

60  FORMAT  (1X,7X, '6+' , 14X, 16/) 

WRITE  (12,70)  NFAT 

70  FORMAT  (IX, ’TOTAL  NUMBER  OF  AIRCRAFT  ARRIVING  WITH  FAILURESi  ’, 
fc  17) 

NRITE  (12,80)  NAT 

80  FORMAT  (IX, ’TOTAL  NUMBER  OF  AIRCRAFTi  ’, 

&  17//) 

C 

WRITE  (12,90)  ASFR 

90  FORMAT  (IX, ’AIRCRAFT  SINGLE  FAILURE  RELIABILITY!  ’,F6.4) 

WRITE  (12,100)  AMFR 

100  FORMAT  (IX, 'AIRCRAFT  MULTIPLE  FAILURE  RELIABILITY!  ’,F6.4) 

C 

RETURN 

END 

C 
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c 

SUBROUTINE  SIMSPLIT  <N, CL, ZA, ART, CUMS) 

C 

C  ***  SUBROUTINE  SIMSPLIT  PRODUCES  AN  AIRCRAFT  REPAIR  TIME 
C  DISTRIBUTION  FROM  AN  ARRAY  OF  REPAIR  TIME  OBSERVATIONS  ART. 

C  A  MEAN  AND  VARIANCE  OF  THE  DISTRIBUTION  ARE  COMPUTED  WITH 

C  CONFIDENCE  LIMITS  FOR  A  CONFIDENCE  LEVEL  OF  CL  (CORRESPONDING 

C  TO  THE  PERCENTAGE  POINT  OF  THE  STANDARD  NORMAL  DISTRIBUION  ZA) . 

C  CUMULATIVE  PROBABILITIES  FOR  A  SET  OF  INCREMENTAL  REPAIR  TIMES 

C  ARE  STORED  IN  THE  ARRAY  CUMS. 

C 

COMMON/ INI T/TI ,  TM, SCALE, NSUB, NWUC (30) , SMSBF (30) , SREL (30) 

&  , NDIS (30, 3) , SQM (30, 3) , SMRT (30, 3) , SVRT (30,3) 

&  ,  SMU (30, 3) ,  SSGSQ  (30,  3) ,  SSG  <30, 3) ,  NAF,  ST,  TT,  SW 

&  , STIM, TIO, TMO 

C 

C0MM0N/SIM2/AMRT (3) , AVRT (3) , FRO (100) 

C 

C  ***  LOCAL  VARIABLE  DEFINITIONS 

C  FRQC(K)  »  FREQUENCY  COUNTER  FOR  NUMBER  OF  REPAIR  TIME 

C  OBSERVATIONS  IN  TIME  INTERVAL  K 

C 

DIMENSION  ART ( 100000) , FRQC ( 100) , CUMS (100) 

C 

AMRT ( 1 ) =0. 0 
AVRT  <1)=0.0 
DO  10  1=1, N 

AMRT ( 1 ) =AMRT ( 1 ) +ART ( I ) 

AVRT ( 1 ) =AVRT ( 1 ) +ART ( I ) *ART ( I ) 

10  CONTINUE 

C 

AMRT ( 1 ) =AMRT ( 1 ) /N 

AVRT ( 1 ) = ( AVRT ( 1 ) -N*AMRT ( 1 ) *AMRT ( 1 ) > / (N-l ) 

C 

T1=ZA*SGRT (AVRT ( 1 ) /N) 

AMRT (2) =AMRT  < 1 >  — T 1 
AMRT (3) =AMRT ( 1 ) +T1 
C 

T2=2.0*FL0AT<N-1) *AVRT(1) 

T3=SQRT (FLOAT <2*N-1 ) ) 

AVRT (2) =T2/ ( (T3+ZA) * (T3+ZA) ) 

AVRT (3) =T2/ ( (T3-ZA) * (T3-ZA) ) 


C 


K>  U 


DO  30  T*TI,Tn,TI 
K*NINT<T/TI) 

FRQC<K>*0.0 
CUMS(K)-0.0 
DO  20  1*1, N 

IF  ( (ART(I) .GT. (T-TI) ) .AND. (ART(I) .LE.T) >  THEN 
FRQC (K) *FRQC <K) +1 . 0 
ENDIF 
CONTINUE 

FRQ(K)*FRQC(K)/N 

IF  (K.EQ.l)  THEN 
CUHS(K)*FRQ(K) 

ELSE 

CUMS (K) -CUHS (K-l ) +FRQ (K) 

ENDIF 

CONTINUE 

CALL  SPLITOUT (CL, CUHS) 

RETURN 

END 
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SUBROUTINE  SPLITOUKCL, CUMS) 

C 

C  ***  SUBROUTINE  SPLITOUT  WRITES  AN  AIRCRAFT  REPAIR  TIME 
C  DISTRIBUTION  TO  THE  OUTPUT  FILE  IN  A  LABELED  FORMAT. 

C 

COMMON/ INIT/TI, TM, SCALE, NSUB, NNUC (30) , SMSBF (30) , SREL (30) 

Si  ,  NDIS(30,3) ,  SQM (30, 3)  ,SMRT  (30,3)  ,  SVRT  (30,3) 

Si  , SMU(30, 3) , SS6SQ (30, 3) , SSG (30, 3) , NAF, ST, TT, SW 

Si  ,STIM,TIO,TMO 

C 

C0MM0N/SIM2/AMRT (3) , AVRT (3) , FRQ( 100) 

C 

C  ttt  LOCAL  VARIABLE  DEFINITIONS 

C  LINE  -  CHARACTER  STRING  FOR  GRAPHICAL  PLOT  OF  THE 

C  SIMULATION  REPAIR  TIME  DISTRIBUTION 

C 

CHARACTER* 100  LINE 
DIMENSION  CUMS(IOO) 

C 

WRITE  (12,10)  AMRT(l) 

10  FORMAT  (IX, ’AIRCRAFT  MEAN  REPAIR  TIME!  ’,F7.4> 

WRITE  (12,20)  CL, AMRT (2) , AMRT (3) 

20  FORMAT  (’♦’ ,50X,F4.2, ’  CONFIDENCE  INTERVAL:  ( ’ ,F7. 4, ’ , ’F7.4, ' ) ’ ) 
WRITE  (12,30)  AVRT ( 1 ) 

30  FORMAT  (IX, ’AIRCRAFT  VARIANCE  OF  REPAIR  TIME:  ’,F7.4) 

WRITE  (12,20)  CL, AVRT (2), AVRT (3) 

C 

WRITE  (12,40) 

40  FORMAT  (//IX, ’FRQ(T) ’ ,2X, ’CUM(T) ’ ,2X, ’  TIME’) 

WRITE  (12, SO) 

50  FORMAT  (1X,T25,20(’+’ ,4X) , ’♦’ ) 

C 

DO  80  T*TI,TM,TI 
K*NINT (T/TI) 

DO  60  L»l, 100 
LINE(LlL)-’  ’ 

IF  (L. LE. NINT < 100. OtFRQ (K> ) )  THEN 
LINE(LiL)*’*’ 

ELSE IF  (L.EQ. NINT ( 100. 0*CUMS(K))>  THEN 
LINE(L:L)»’C’ 

ELSE IF  (L.EQ. 100)  THEN 
LINE(LiL)«’+' 

ENDIF 

60  CONTINUE 

WRITE  (12,70)  FRQ(K) , CUMS(K) , T,LINE 
70  FORMAT  (IX,2(F6.4,2X) ,F5.2,T25, ,A100> 

80  CONTINUE 

C 
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SUBROUTINE  COMPARE 

»**  SUBROUTINE  COMPARE  COMPARES  THE  ANALYTICAL  SINGLE  FAILURE 
REPAIR  TIME  CDF  WITH  THE  SIMULATION  MULTIPLE  FAILURE 
CDF  FOR  DISPARITY  OF  RESULTS. 

COMMON/SIM1/N, NS1 , NS2, CL, ZA, NSO, NFA (Oi 6) , NFAT, NAT, ASFRT ( lOOOOO) 

&  , ASFR, AMFRT (100000) , AMFR,CUMS<100) 

COMMON/COMP/PDA, PDM, PDMT, RTK (20) ,  PAK (20) , PSK (3, 20) , PDK (3, 20) 

m  LOCAL  VARIABLE  DEFINITIONS 

PA  ■  ANALYTICAL  VALUE  OF  REPAIR  TIME  CDF  CORRESPONDING  TO 
A  SORTED  ARRAY  ELEMENT 

PS(1)  ■  SIMULATION  VALUE  OF  REPAIR  TIME  CDF  CORRESPONDING  TO 
A  SORTED  ARRAY  ELEMENT 
IPS (2), PS (3)}  -  CONFIDENCE  INTERVAL 
PD  -  DIFFERENCE  BETWEEN  ANALYTICAL  AND  SIMULATION  REPAIR 
TIME  CDFS 

DIMENSION  PS (3) 

C 

CALL  VSRTA ( AMFRT, N) 

C 

ZASQ-ZAtZA 

Tl-l.O/N 

T2*2. Ot (N+ZASQ) 

C 

PDA-0.0 

PDM-0.0 

C 

KI-N/20 

K*0 

NN»0 

C 

DO  20  1*1, N-l 
C 

PS ( 1 ) -FLOAT ( I ) /N 
T3*l.0-PS(l) 

T4-2. OINtPS ( 1 ) +ZASQ 
PS(2)-( (T4-1.0) 

&  -ZAtSQRT ( ZASQ- (2. O+Tl ) +4. 0*PS ( 1 ) * (N4T3+1 . 0) ) ) /T2 

PS(3)*( (T4+1.0) 

8<  +ZASSORT  <  ZASQ* (2. 0-Tl ) +4. OSPS (1)1 (NST3-1 . 0) ) ) /T2 


PA-CUHUL ( (AMFRT < I ) +ANFRT (1+1) ) /2.0) 

PD»ABS(PA-PS(1)) 

PDA-PDA+PD 
IF  (PD.GT.PDM)  THEN 
PDM-PD 

PDHT=AMFRT(I> 

ENDIF 

NN-NN+1 

IF  <NN.EQ.KD  THEN 
NN»0 
K-K+l 

RTK(K)«AMFRT<I> 

PAK  <K>  *PA 
DO  10  J«l,3 

PSK(J,K>-PS(J> 

CONTINUE 

PDK<1,K)-PD 

IF  ( (PA.6E.PS (2) )  .AM).  (PA.LE.PS (3)  > )  THEN 
PDK(2,K>-0.0 
ELSE 

PDK  (2,  K)  -AHIN1  <  ABS  (PS  (2)  -PA) ,  ABS  <PS  (3)  -PA) ) 
ENDIF 

PDK  <3,  K)  -AHAX 1  (ABS  (PS  <2>  -PA) ,  ABS  (PS  (3)  -PA) ) 
ENDIF 

CONTINUE 

PDA-PDA/N 

CALL  COMPOUT 


RETURN 


n  n  n  n  n  n 


i 
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SUBROUTINE  COMPOUT 

***  SUBROUTINE  COMPOUT  WRITES  THE  RESULTS  OF  THE  CDF  COMPARISON 
TO  THE  OUTPUT  FILE  IN  A  LABELED  FORMAT.  THE  AMOUNT  OF  CPU 
TIME  USED  BY  THE  ANALYTICAL  AND  SIMULATION  METHODS  IS  ALSO 
WRITTEN  TO  COMPARE  THE  METHODS  FOR  COMPUTATIONAL  EFFICIENCY. 

COMMON/SIMl/N,NSl,NS2,CL,ZA,NSO,NFA(0:6),NFAT,NAT,ASFRT(lOOOOO> 

St  , ASFR , AMFRT ( 1 00000  > , AMFR , CUMS ( 1 00 ) 

C 

COMMON/COMP/PDA, PDM, PDMT , RTK (20) , PAK  <20) , PSK (3, 20) , PDK (3, 20) 

C 

COMMON/CPU/CPUT (3) 

C 

WRITE  (12,10) 

10  FORMAT  ClVtt*  COMPARISON  —  SINGLE  FAILURE  ANALYTICAL  ’, 

Si  'VS  MULTIPLE  FAILURE  SIMULATION  Itt'//) 

C 

WRITE  (12,20) 

20  FORMAT  (IX, 'PROPORTION  (CDF)  COMPARISON'/) 

WRITE  (12,30) 

30  FORMAT  (IX, 'REPAIR', 2X, ’  ANAL* ,2X, 'SIMULATION  PROPORTION’ , 

S<  4X, 'DIFFERENCE') 

WRITE  (12,40)  CL, a 

40  FORMAT  (IX, '  TIME',2X,'  PR0P',2X, 

Si  2('(’,F4.2,  ’  CONF  LIMITS) '  ,7X) /) 

C 

DO  60  K=l,19 

WRITE  (12,50)  RTK (K) , PAK (K) , PSK ( 1 , K) , PSK (2, K) , 

Si  PSK(3,K)  ,PDK(1,K)  ,PDK(2,K>  ,PDK(3,K) 

30  FORMAT  (1X,2(F6.4,2X) ,2(F6.4, '  (’ ,F6.4, ’ , ’ ,F6.4, ’ ) ’ ,2X) ) 

60  CONTINUE 
C 

WRITE  (12,70)  PDA 

70  FORMAT  (//IX, 'AVERAGE  CDF  DIFFERENCE:  ’,F6.4/> 

WRITE  (12,80)  PDM, PDMT 

80  FORMAT  (IX, 'MAXIMUM  CDF  DIFFERENCE:  ’,F7.3, 

Si  ’  AT  TIME  ’  ,F6. 4//) 

C 

WRITE  (12,90) 

90  FORMAT  (IX, 'TIME  COMPARISON'/) 

WRITE  (12,100)  CPUT (2) 

100  FORMAT  (IX, 'ANALYTICAL  CPU  TIME  USED:  ’,F9.3> 

WRITE  (12,110)  CPUT (3) 

110  FORMAT  (IX, 'SIMULATION  CPU  TIME  USED:  ',F9.3> 

C 

RETURN 

END 

C 
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c 

SUBROUTINE  TRANSLATE (ARA, CUM) 

»*$  SUBROUTINE  TRANSLATE  DETERMINES  THE  AIRCRAFT  AVAILABILITY  AND 
SORTIE  GENERATION  RATE  ASSOCIATED  WITH  THE  AIRCRAFT  REPAIR 
TIME  DISTRIBUTION  CUM  AND  AIRCRAFT  RELIABLITY  ARA. 

COMMON/ INIT/TI , TM, SCALE, NSUB, NWUC (30) , SMSBF (30) , SREL (30) 

Si  ,NDIS(30,3)  ,SQM(30,3)  ,SMRT  (30,3)  ,SVRT(30,3) 

Si  , SMU (30, 3) , SS6SQ (30, 3) , SS6 (30, 3) , NAF, ST, TT, SW 

Si  ,STIM,TIO,TMO 

C 

COMMON/TRAN/TK (500) , QSK (500) , QTK (500) , QRK (500) , RAK (500) , AVLK (500) 


C 

C 

C 

C 

C 

C 

C 

C 


, SRATEK (500) , AVLA, AVLM, TSOR, SRATE, TREP, RRATE 


m  LOCAL  VARIABLE  DEFINITIONS 
SSTE(I) 


IN  I 


QUANTITY  OF  AIRCRAFT  COMPLETING  A  SORTIE 
TIME  INCREMENTS 

TSTE(I)  *  QUANTITY  OF  AIRCRAFT  COMPLETING  TURN  OPERATIONS  IN 
I  TIME  INCREMENTS 

QUANTITY  OF  AIRCRAFT  COMPLETING  REPAIR  OPERATIONS 
IN  I  TIME  INCREMENTS 

I 


RSTE(I) 


c 

RTIP(I) 

*  PROBABILITY 

OF  AIRCRAFT  REPAIR  IN  TIME  INCREMENT 

c 

NS 

*  NUMBER  OF  TIME  INCREMENTS  IN  A  SORTIE 

c 

NT 

*  NUMBER  OF  TIME  INCREMENTS  IN  A  TURN  OPERATION 

c 

NR 

*  NUMBER  OF  POSSIBLE  TIME  INCREMENTS  IN  A  REPAIR 

c 

OPERATION 

c 

RA 

*  QUANTITY  OF 

READY  AIRCRAFT 

c 

SOUT 

*  QUANTITY  OF 

AIRCRAFT  COMPLETING  SORTIES 

c 

TOUT 

»  QUANTITY  OF 

AIRCRAFT  COMPLETING  TURN  OPERATIONS 

c 

ROUT 

*  QUANTITY  OF 

AIRCRAFT  COMPLETING  REPAIRS 

c 

SIN 

-  QUANTITY  OF 

AIRCRAFT  BEGINNING  SORTIES 

c 

TIN 

*  QUANTITY  OF 

AIRCRAFT  BEGINNING  TURN  OPERATIONS 

c 

RIN 

*  QUANTITY  OF 

AIRCRAFT  BEGINNING  REPAIRS 

c 

WT 

*  TIME  OF  DAY 

(FOR  COMPARISON  WITH  SORTIE  WINDOW) 

c 

QS 

*  QUANTITY  OF 

AIRCRAFT  FLYING  SORTIES 

c 

QT 

*  QUANTITY  OF 

AIRCRAFT  BEING  TURNED 

c 

r 

QR 

*  QUANTITY  OF 

AIRCRAFT  BEING  REPAIRED 

w 

r 

DIMENSION  CUM ( 100) , SSTE ( 100) , TSTE ( 100) , RSTE ( 100) , RTIP ( 100) 

w 

NS-ST/TI 

NT-TT/TI 

r 

NR-TM/TI 

u 

DO  10  1*1, NS 

SSTE (I >*0.0 

10 

CONTINUE 

DO  20  1*1, NT 

TSTE (I) 

*0.0 

20 

CONTINUE 

B-32 


DO  30  I«1,NR 
RSTE(I)-0.0 
CONTINUE 

RTIPd)-CUM(l) 

00  40  1-2, NR- 1 

RTIP ( I ) -CUH ( I ) -CUM ( 1-1 ) 

CONTINUE 

RTIP (NR) -1 . O-CUH (NR- 1 ) 

AVLA-0.0 

AVLM-1.0 

TSOR-O.O 

TREP-0.0 

RA-NAF 

KI-NINT(TIO/TI> 

K-0 

NTI-0 

DO  60  T-TI,TMO,TI 

CALL  OUT  (N8, SSTE, SOUT) 

CALL  OUT (NT, TSTE, TOUT) 

CALL  OUT  (NR, RSTE, ROUT) 

RIN- ( 1 . O-ARA) tSOUT 

TIN-ARAtSOUT+ROUT 

RA-RA+TOUT 

WT-T-IFIX (T/24. 0) *24. 0-0.001 
IF  ( (NT. GT. 0.0) .AND. (NT.LE.SN) )  THEN 
IF  (RA.LT.STIM)  THEN 
SIN-RA 
RA-0.0 
ELSE 

SIN-STIM 

RA-RA-STIM 

ENDIF 

ELSE 

SIN-0.0 

ENDIF 

SSTE (NS) -SIN 
TSTE (NT) -TIN 
DO  50  I-1,NR 

RSTE ( I ) -RSTE ( I ) +RIN*RTIP ( I > 
CONTINUE 

CALL  SUN (NS, SSTE, QS) 

CALL  SUM (NT, TSTE, QT> 

CALL  SUM (NR, RSTE, OR) 


AVL- <QS+RA) / (QS+QT+QR+RA) 
AVLA-AVLA+AVL 
AVLM-AMIN1 <AVLM,AVL) 
TSOR*TSOR+SIN 
TREP*TREP+RIN 

NTI*NTI+1 

IF  (NTI.EQ.KI)  THEN 
NTI-0 
K-K+l 
TK(K)*T 
QSK<K>»QS 
QTKOO-QT 
QRK<K)«QR 
RAK(K)«RA 
AVLK<K)«AVL 

SRATEK(K)«24.0*TS0R/ (TtNAF) 
ENDIF 

CONTINUE 

AVLA«AVLA*TI/TMO 
SRATE*24. OtTSQR/ (TN04NAF) 

RRATE*24. OtTREP/ (TMOtNAF) 

CALL  TRANSOUT 


RETURN 
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c 

SUBROUTINE  OUT (NX, XSTE, XOUT) 

C 

C  m  SUBROUTINE  OUT  RETURNS  T*€  VALUE  IN  THE  FIRST  INCREMENT  OF  THE 
C  ARRAY  XOUT  AND  ADVANCES  ALL  OTHER  INCREMENTS  BY  ONE  POSITION. 

C 

C  «*  LOCAL  VARIABLE  DEFINITIONS 

C  XSTE (I)  *  QUANTITY  OF  AIRCRAFT  COMPLETING  ACTIVITY  X  IN  I  TIME 

C  INCREMENTS 

C  NX  NUMBER  OF  TIME  INCREMENTS  IN  XSTE 

C  XOUT  =  QUANTITY  OF  AIRCRAFT  COMPLETING  ACTIVITY  X  AFTER  ONE 

C  TIME  INCREMENT 

C 

DIMENSION  XSTE (NX) 

C 

XOUT*XSTE(l> 

DO  10  1*1, NX-1 

XSTE(I)*XSTE(I+1) 

10  CONTINUE 

XSTE (NX) =0.0 
C 

RETURN 

END 

C 

cmmmmsmmmsmmtmmtmtmmtmttmsmmttmm 

c 

SUBROUTINE  SUM (NX, XSTE, QX) 

C 

C  m  SUBROUTINE  SUM  DETERMINES  THE  TOTAL  QUANTITY  OF  AIRCRAFT 
C  ENGAGED  IN  ACTIVITY  X. 

C 

C  m  LOCAL  VARIABLE  DEFINITIONS 

C  XSTE ( I )  *  QUANTITY  OF  AIRCRAFT  COMPLETING  ACTIVITY  X  IN  I  TIME 

C  INCREMENTS 

C  NX  NUMBER  OF  TIME  INCREMENTS  IN  XSTE 

C  QX  TOTAL  QUANTITY  OF  AIRCRAFT  ENGAGED  IN  ACTIVITY  X 

C 

DIMENSION  XSTE (NX) 

C 

QX*0.0 
DO  10  1*1, NX 

QX*QX+XSTE ( I ) 

10  CONTINUE 
C 

RETURN 

END 

C 
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c 

SUBROUTINE  TRANSOUT 
C 

C  m  SUBROUTINE  TRANSOUT  WRITES  THE  AVAILABILITY  AND  SORTIE 
C  GENERATION  RESULTS  TO  THE  OUTPUT  FILE  IN  A  LABELED  FORHAT. 

C 

COMMON/ INI T/T I , TM, SCALE, NSUB, NNUC (30) , SMSBF (30) , SREL (30) 

&  , NDIS  <30, 3) , SQM (30, 3) , SMRT (30,3), SVRT (30,3) 

&  ,  SHU (30, 3) ,  SSGSQ (30, 3) ,  SS6  (30, 3) ,  NAF,  ST,  TT,  SW 

*  ,STIH,TIO,TMO 

C 

COMMON/TRAN/TX (500) , USX (500) , QTK (500) , QRK (500) , RAX (500) , AVLX (500) 

&  ,  SRATEX<500) ,  AVLA ,  AVLM ,  TSOR ,  SRATE ,  TREP ,  RRATE 

C 

WRITE  (12,10) 

10  FORMAT  (IX, 2X,’  TIME’,2X,’i -  AIRCRAFT  QUANTITIES - l’,2X, 

&  ’  AVAIL’ ,2X, ’SOR  GEN’ > 

WRITE  (12,20) 

20  FORMAT  (IX, 10X, ’SORTIE’ ,2X, ’  TURN’ ,2X, ’REPAIR’ ,2X, ’  READY’, 10X, 

&  ’  RATE’/) 

DO  40  X*1 , NINT (TMO/TIO) 

WRITE  (12,30)  TX (X),QSX(X), QTX (X) , QRX (X) , RAX (X), AVLX (X), 

&  SRATEK (X) 

30  FORMAT  (1X.7F8.3) 

40  CONTINUE 

C 

WRITE  (12,50)  AVLA 

50  FORMAT  (//IX, ’AVERAGE  AVAILABILITYi  ’,F9.4) 

WRITE  (12,60)  AVLM 

60  FORMAT  (IX, ’MINIMUM  AVAILABILITYi  ’,F9.4/) 

C 

WRITE  (12,70)  TSOR 

70  FORMAT  (IX, ’TOTAL  SORTIES  LAUNCHED:  ’,F9.4) 

WRITE  (12,80)  SRATE 

80  FORMAT  (IX, ’SORTIE  GENERATION  RATEi  ’,F9.4/> 

C 

WRITE  (12,90)  TREP 

90  FORMAT  (IX, ’TOTAL  MAINTENANCE  EVENTS:  ’,F9.4> 

WRITE  (12,100)  RRATE 

100  FORMAT  (IX, ’MAINTENANCE  RATE:  ’,F9.4> 

C 

RETURN 

END 

C 

cmmmmmtmmimmmmmmmmmmmmmmmm 


tit  INITIAL  SATA  ttt 


PDF/CDF  REPAIR  TINE  INCREMENT:  0.20 

POF/CDF  NAIINUH  REPAIR  TINE:  8.00 

RELIABILITY  SCALING  FACTOR:  1. 00 


TOTAL  NUHBER  OF  SUBSYSTEMS: 


REMOVE  AND  REPLACE 


REPAIR  IN  PLACE 


CAN  NOT  DUPLICATE 


SUBSYS 

SUBSYS 

SUBSYS 

DIST 

CGND 

DEAN 

VAR¬ 

BIST 

COND 

KEAN 

VAR¬ 

DIST 

COND 

HEAR 

VAR¬ 

CODE 

HSBF 

REL 

TYPE 

PROB 

TINE 

IANCE 

TYPE 

PROB 

TINE 

IANCE 

TYPE 

PROB 

TINE 

IANCE 

11 

133.000 

0.993 

LSN 

0.030 

1.270 

0.370 

LSN 

0.966 

2.220 

0.640 

LGN 

0.004 

3.130 

0.910 

12 

241.000 

0.994 

LBN 

0.278 

2.720 

0.790 

LSN 

0.662 

1.700 

0.490 

LGN 

0.060 

0.700 

0.100 

13 

149.000 

0.993 

L6N 

0.344 

2.080 

0.400 

LSN 

0.386 

2.050 

0.390 

L6N 

0.070 

2.180 

0.630 

14 

141.000 

0.993 

LSN 

0.434 

2.330 

0.480 

LSN 

0.299 

2.430 

0.700 

LGN 

0.243 

1.530 

0.440 

23 

143.000 

0.994 

LSN 

0.428 

3.120 

0.900 

LSN 

0.494 

1.480 

0.430 

lgi; 

0.078 

2.110 

0.610 

24 

207.000 

0.995 

LSN 

0.490 

2.830 

0.820 

LSN 

0.436 

2.260 

0.660 

LGN 

0.074 

2.220 

0.640 

41 

417.000 

0.998 

LSN 

0.442 

3.310 

0.940 

LGN 

0.199 

1.720 

0.500 

LGN 

0.339 

2.330 

0.680 

42 

243.000 

0.994 

LGN 

0.803 

1.320 

0.380 

LGN 

0.173 

2.970 

0.860 

LGN 

0.024 

2.900 

0.840 

44 

700.000 

0.999 

L6N 

0.418 

1.200 

0.350 

LGN 

0.333 

1.520 

0.440 

L6N 

0.049 

2.370 

0.750 

4S 

430.000 

0.998 

LSN 

0.327 

3.110 

0.900 

LGN 

0.587 

2.200 

0.640 

LGN 

0.086 

1.450 

0.420 

44 

146.000 

0.994 

LGN 

0.428 

3.080 

0.890 

LGN 

0.421 

2.780 

0.810 

LGN 

0.131 

1.780 

0.520 

47 

1000.000 

0.999 

LGN 

0.323 

1.800 

0.320 

LSN 

0.315 

1.710 

0.500 

LGN 

0.162 

1.480 

0.430 

49 

3300.000 

1.000 

LGN 

0.857 

3.230 

0.940 

N/A 

0.000 

0.000 

0.000 

L6N 

0.143 

1. 000 

0.290 

SI 

480.000 

0.999 

LGN 

0.583 

1.310 

4.440 

LGN 

0.183 

1.040 

0.300 

LGN 

0.234 

1.020 

0.300 

ss 

7200.000 

1.000 

LGN 

0.389 

1.120 

0.320 

LGN 

0.222 

1.130 

0.330 

LGN 

0.389 

0.370 

0.110 

42 

2000.000 

1.000 

LGN 

0.298 

1.030 

0.300 

LGN 

0.386 

1.270 

0.370 

LGN 

0.316 

0.950 

0.280 

43 

473.000 

0.998 

LGN 

0.329 

1.190 

0.350 

16N 

0.309 

0.950 

0.2B0 

LGN 

0.362 

1.180 

0.340 

44 

975.000 

0.999 

LGN 

0.220 

1.700 

0.490 

LBM 

0.381 

1.310 

0.380 

LSN 

0.399 

0.890 

0.240 

43 

1400.000 

0.999 

LSN 

0.485 

1.290 

0.370 

LGN 

0.137 

0.920 

0.270 

LGN 

0.17B 

0.840 

0.240 

71 

422.000 

0.998 

LGN 

0.497 

1.240 

0.370 

LGN 

0.222 

0.970 

0.280 

LGN 

0.281 

1.120 

0.320 

74 

34.300 

0.973 

LGN 

0.359 

1.350 

0.390 

LGN 

0.094 

1.260 

0.370 

LGN 

0.547 

1.040 

0.300 

73 

80.000 

0.988 

LSN 

0.224 

1.430 

0.470 

LSN 

0.089 

1.680 

0.490 

LGN 

0.637 

1.010 

0.290 

74 

295.000 

0.997 

LGN 

0.435 

2.280 

0.460 

LSN 

0.184 

1.710 

0.500 

LGN 

0.181 

1.480 

0.430 

97  11000.000 

1.000 

LSN 

0.847 

2.370 

0.730 

LGN 

0.133 

2.100 

0.620 

N/A 

0.000 

0.000 

0.000 

AVAILABILITY/SGRTIE  GENERATION  PARAMETERS 

AIFCRAFT  FORCE  3I2E:  24 
AIRCRAFT  SORTIE  TINE:  2.40 
AIRCRAFT  TURN  TINE:  0.40 
SORTIE  LAUNCH  HINOON:  16.00 
MAXIMUM  LAUNCHES  PER  PERIOD  TI:  2.00 


AVAIL/SORT  SEN  TINE  INCREMENT: 
AVAIL/SORT  SEN  MAXIMUM  TINE: 


2.00 

49.00 


s 

$ 

S 

[  Itt  ANALYTICAL  RESULTS  ttt 

z* 

AIRCRAFT  RELIABILITY.-  0.9004 

p 

AIRCRAFT  KEAN  SORTIES  BETWEEN  FAILURES:  9.5324 

* 

;  SINGLE  FAILURE  HEAN  REPAIR  TINE:  1.7439 

SINGLE  FAILURE  VARIANCE  OF  REPAIR  TINE:  0.9492 

a 
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Itt  SIMULATION  RESULTS  tit 


SUBSYSTEM  FAILURES 


NUMBER  FAILURES 

0 

1 

2 

3 

4 

5 
b* 


NUMBER  AIRCRAFT 

360252 

38156 

1800 

42 

2 

0 

0 


TOTAL  NUMBER  OF  AIRCRAFT  ARRIVIN6  WITH  FAILURES: 
TOTAL  NUMBER  OF  AIRCRAFT: 


AIRCRAFT  SIN6LE  FAILURE  RELIABILITY:  0.9047 
AIRCRAFT  MULTIPLE  FAILURE  RELIABILITY:  0.9001 
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SIN6LE  FAILURE  REPAIR  UK  RESULTS 


AIRCRAFT  REAM  REPAIR  TIKE: 
AIRCRAFT  VARIANCE  OF  REPAIR  TIRE! 


1.7513  0.73  CONFIDENCE  INTERVAL:  I  1.7418.  1.7611) 

0.7549  0.75  CONFIDENCE  INTERVAL:  (  0.7437,  0.77041 
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NULTIPLE  FAILURE  REPAIR  TINE  RESULTS 
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AIRCRAFT  HEAR  REPAIR  TINE;  1.7741  0.95  CONFIDENCE  INTERVAL:  (  1.7444.  1.7858) 

AIRCRAFT  VARIANCE  OF  REPAIR  TINE;  0.9720  0.95  CONFIDENCE  INTERVAL:  (  0.9584.  0.9857) 
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Ill  COMPARISON  -  SINGLE  FAILURE  ANALYTICAL  VS  MULTIPLE  FAILURE  SIMULATION  III 


PROPORTION  (CDF)  COMPARISON 


REPAIR 

ANAL 

SIMULATION  PROPORTION 

DIFFERENCE 

TIME 

PROP 

(0.95  CONF  LIMITS) 

(0.95  CONF  LIMITS) 

0.5521 

0.0521 

0.0500 

(0.0479.0.0522) 

0.0021 

(0.0000,0.0042) 

0.6950 

0.1051 

0.1000 

(0.0971,0.1030) 

O.OOS1 

(0.0021,0.0081) 

0.8107 

0.1567 

0.1500 

(0.1465,0.1536) 

0.0067 

(0.0031,0.0102) 

0.9222 

0.2100 

0.2000 

(0.1961,0.2040) 

0.0100 

(0.0060,0.0139) 

1.0241 

0.2598 

0.2500 

(0.2457,0.2543) 

0.0098 

(0.0055,0.0141) 

1.1304 

0.3116 

0.3000 

(0.2955,0.3046) 

0.0116 

(0.0070,0.0161) 

1.2365 

0.3622 

0.3500 

(0.3453,0.3547) 

0.0122 

(0.0074,0.0169) 

1.3505 

0.4147 
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(0.3952,0.4049) 

0.0147 

(0.0098,0.0195) 

1.4652 

0.4652 

0.4500 

(0.4451,0.4549) 

0.0152 

(0.0103,0.0201) 

1.5825 

0.5144 

0.5000 

(0.4951,0.5049) 

0.0144 

(0.0094,0.0193) 

1.7088 

0.5642 

0.5500 

(0.5451,0.5549) 

0.0142 

(0.0093,0.0192) 

1.8426 

0.6135 

0.6000 

(0.5951,0.6048) 

0.0135 

(0.0087,0.0184) 

1.9907 

0.6638 

0.6500 

(0.6453,0.6547) 

0.0138 

(0.0091,0.0185) 

2.1501 

0.7127 

0.7000 

(0.6954,0.7045) 

0.0127 

(0.0082,0.0173) 

2.3239 

0.7601 

0.7500 

(0.7457,0.7543) 

0.0101 

(0.0058,0.0144) 

2.5381 

0.8103 

0.8000 

(0.7960,0.8039) 

0.0103 

(0.0063,0.0143) 

2.7896 

0.8583 

0.8500 

(0.8464,0.8535) 

0.0083 

(0.0048,0.0118) 

3.1224 

0.9060 

0.9000 

(0.8970,0.9029) 

0.0060 

(0.0031,0.0090) 

3.6504 

0.9534 

0.9500 

(0.9478,0.9521) 

0.0034 

(0.0012,0.0056) 

AVERAGE  CDF  DIFFERENCE:  0.0098 

MAXIMUM  CDF  DIFFERENCE:  0.01611  AT  TIME  1.5359 


TIME  COMPARISON 

ANALYTICAL  CPU  TIME  USED:  0.700 

SIMULATION  CPU  TIME  USED:  1074.420 


Ill  ANALYTICAL  AVAILABILITY  AND  SORTIE  GENERATION  RESULTS  lit 


TIME 

i—  AIRCRAFT  QUANTITIES  —i 

AVAIL 

SOR  GEN 

SORTIE 

TURN 

REPAIR 

READY 

RATE 

2.000 

20.000 

0.000 

0.000 

4.000 

1.000 

10.000 

4.000 

18.901 

3.757 

1.341 

0.000 

0.788 

8.725 

6.000 

19.037 

3.562 

1.402 

0.000 

0.793 

8.376 

B.000 

22.024 

0.632 

1.345 

0.000 

0.918 

8.588 

10.000 

18.713 

3.704 

1.583 

0.000 

0.780 

8.359 

12.000 

19.035 

3.500 

1.465 

0.000 

0.793 

8.250 

14.000 

19.084 

3.529 

1.387 

0.000 

0.795 

8.186 

16.000 

18.718 

3.679 

1.603 

0.000 

0.780 

8.261 

18.000 

3.606 

3.489 

1.507 

15.398 

0.792 

7.343 

20.000 

0.000 

0.207 

0.428 

23.365 

0.974 

6.608 

22.000 

0.000 

0.026 

0.035 

23.939 

0.997 

6.008 

24.000 

0.000 

0.001 

0.002 

23.997 

1.000 

5.507 

26.000 

20.000 

0.000 

0.000 

4.000 

1.000 

5.853 

28.000 

18.901 

3.757 

1.341 

0.000 

0.788 

5.967 

30.000 

19.037 

3.562 

1.402 

0.000 

0.793 

6.081 

32.000 

22.024 

0.632 

1.345 

0.000 

0.918 

6.277 

34.000 

18.713 

3.704 

1.583 

0.000 

0.780 

6.346 

36.000 

19.035 

3.500 

1.465 

0.000 

0.793 

6.421 

38.000 

19.084 

3.529 

1.387 

0.000 

0.795 

6.494 

40.000 

18.718 

3.679 

1.603 

0.000 

0.780 

6.608 

42.000 

3.606 

3.489 

1.507 

15.398 

0.792 

6.294 

44.000 

0.000 

0.207 

0.428 

23.365 

0.974 

6.008 

46.000 

0.000 

0.026 

0.035 

23.939 

0.997 

5.746 

48.000 

0.000 

0.001 

0.002 

23.997 

1.000 

5.507 

AVERAGE  AVAILABILITY:  0.8661 

MINIMUM  AVAILABILITY:  0.7701 

TOTAL  SORTIES  LAUNCHED:  264. 3368 

SORTIE  GENERATION  RATE:  5.5070 

TOTAL  MAINTENANCE  EVENTS:  26.3253 

MAINTENANCE  RATE:  0.5484 


lit  SIMULATION  AVAILABILITY  AND  SORTIE  GENERATION  RESULTS  til 


TIME 

I—  AIRCRAFT  1 

BUANTITIES  — ! 

AVAIL 

SOR  6EN 

SORTIE 

TURN 

REPAIR 

READY 

RATE 

2.000 

20.000 

0.000 

0.000 

4.000 

1.000 

10.000 

4.000 

18.897 

3.752 

1.351 

0.000 

0.787 

8.724 

6.000 

19.010 

3.562 

1.428 

0.000 

0.792 

8.372 

8.000 

22.003 

0.627 

1.370 

0.000 

0.917 

8.583 

10.000 

18.695 

3.698 

1.607 

0.000 

0.779 

8.354 

12.000 

19.011 

3.500 

1.489 

0.000 

0.792 

8.244 

14.000 

19.063 

3.524 

1.412 

0.000 

0.794 

8.179 

16.000 

18.701 

3.672 

1.627 

0.000 

0.779 

8.254 

18.000 

3.600 

3.484 

1.531 

15.385 

0.791 

7.337 

20.000 

0.000 

0.211 

0.446 

23.342 

0.973 

6.603 

22.000 

0.000 

0.028 

0.037 

23.935 

0.997 

6.003 

24.000 

0.000 

0.002 

0.002 

23.997 

1.000 

5.502 

26.000 

20.000 

0.000 

0.000 

4.000 

1.000 

5.848 

28.000 

18.897 

3.752 

1.351 

0.000 

0.787 

5.963 

30.000 

19.010 

3.562 

1.428 

0.000 

0.792 

6.076 

32.000 

22.003 

0.627 

1.370 

0.000 

0.917 

6.272 

34.000 

18.695 

3.698 

1.607 

0.000 

0.779 

6.341 

36.000 

19.011 

3.500 

1.489 

0.000 

0.792 

6.416 

38.000 

19.063 

3.524 

1.412 

0.000 

0.794 

6.489 

40.000 

18.701 

3.672 

1.627 

0.000 

0.779 

6.603 

42.000 

3.600 

3.484 

1.531 

15.385 

0.791 

6.2B8 

44.000 

0.000 

0.211 

0.446 

23.342 

0.973 

6.003 

46.000 

0.000 

0.028 

0.037 

23.935 

0.997 

5.742 

48.000 

0.000 

0.002 

0.002 

23.997 

1.000 

5.502 

AVERAGE  AVAILABILITY:  0.8655 

MINIMUM  AVAILABILITY:  0.7695 

TOTAL  SORTIES  LAUNCHED:  264.1163 

SORTIE  GENERATION  RATE:  5.5024 

TOTAL  MAINTENANCE  EVENTS:  26.3033 

MAINTENANCE  RATE:  0.5480 


III  NORMAL  PROGRAM  TERMINATION  III 
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c  c 

C  REPAIR  TIME  DISTRIBUTION  MODEL  (VERSION  2.0)  C 
C  C 
C  THIS  PROGRAM  COMBINES  SUBSYSTEM  RELIABILITY  AND  C 
C  MAINTAINABILITY  ESTIMATES  TO  FORM  A  REPAIR  TIME  DISTRIBUTION  C 
C  FOR  THE  ADVANCED  TACTICAL  FIGHTER.  THE  MEAN,  VARIANCE,  C 
C  PROBABILITY  DENSITY  FUNCTION,  AND  CUMULATIVE  DISTRIBUTION  C 
C  FUNCTION  OF  THE  REPAIR  TIME  DISTRIBUTION  ARE  DETERMINED  C 
C  ANALYTICALLY  BASED  ON  THE  ASSUMPTION  THAT  ONLY  ONE  SUBSYSTEM  C 
C  WILL  FAIL  BEFORE  REPAIR  EFFORTS  ARE  BEGUN  ON  THE  ENTIRE  C 
C  SYSTEM.  AN  ADJUSTED  CUMULATIVE  DISTRIBUTION  IS  COMPUTED  TO  C 
C  REFLECT  THE  EFFECT  OF  POSSIBLE  MULTIPLE  SUBSYSTEM  FAILURES.  C 
C  THE  USER  MAY  THEN  EMPLOY  THE  ADJUSTED  OR  UNADJUSTED  REPAIR  C 
C  TIME  DISTRIBUTION  TO  DETERMINE  THE  AVAILABILITY  AND  SORTIE  C 
C  GENERATION  CAPABILITY  OF  THE  AIRCRAFT  UNDER  A  SPECIFIED  C 
C  CONCEPT  OF  OPERATIONS.  C 
C  C 
C  GLOBAL  VARIABLE  DEFINITIONS  C 
C  C 
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C 
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C 
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C 
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c 
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c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 
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tm  INITIAL  DATA  VARIABLES  C 

C 

TI  -  TIME  INCREMENT  FOR  REPAIR  TIME  PDF/CDF  C 

COMPUTATIONS  C 

TM  -  MAXIMUM  REPAIR  TIME  FOR  PDF/CDF  COMPUTATIONS  C 

C 

NSUB  *  TOTAL  NUMBER  OF  SUBSYSTEMS  C 

C 

NWUC(I)  ■  WORK  UNIT  CODE  OF  SUBSYSTEM  I  C 

SMSBFd)  ■  MEAN  NUMBER  OF  SORTIES  BETWEEN  FAILURES  OF  C 

SUBSYSTEM  I  C 

SREL ( I )  «  SORTIE  RELIABILITY  OF  SUBSYSTEM  I  C 

C 

NDISd, J)  «  TYPE  OF  DISTRIBUTION  OF  MAINTENANCE  ACTION  C 

J  ON  SUBSYSTEM  I  C 

<0  -  NONE,  1  >  LOGNORMAL,  2  »  EXPONENTIAL)  C 

SQM(I, J)  *  PROBABILITY  THAT  MAINTENANCE  ACTION  J  IS  C 

REQUIRED  GIVEN  SUBSYSTEM  I  HAS  FAILED  C 


SMRTd, J)  =»  MEAN  REPAIR  TIME  FOR  ACTION  J  ON  SUBSYSTEM  I 
SVRT (I , J )  »  VARIANCE  OF  REPAIR  TIME  FOR  ACTION  J  ON 
SUBSYSTEM  I 

SMU < I , J )  «  LOGNORMAL  MU  FOR  ACTION  J  ON  SUBSYSTEM  I 

SSGSQd, J)  «  LOGORMAL  SIGMA  SQUARED  FOR  ACTION  J  ON 
SUBSYSTEM  I 

SS6 (I , J )  «  LOGNORMAL  SIGMA  FOR  ACTION  J  ON  SUBSYSTEM  I 

MAINTENANCE  J»li  REMOVE  AND  REPLACE 

ACTION  CODES  J*2t  REPAIR  IN  PLACE 

J-3i  CAN  NOT  DUPLICATE 
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•4 
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1 4 
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•% 

*4 
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c 
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c 
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c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 
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NAF  *  AIRCRAFT  FORCE  SIZE  C 

ST  =  AIRCRAFT  SORTIE  TIME  C 

TT  a  AIRCRAFT  TURN  TIME  C 

SW  =  SORTIE  LAUNCH  TIME  WINDOW  C 

STIM  »  MAXIMUM  AIRCRAFT  LAUNCHES  PER  TIME  PERIOD  TI  C 

TIO  ■  OPERATIONAL  EFFECTIVENESS  OUTPUT  TIME  C 

INCREMENT  C 

TMO  =  MAXIMUM  TIME  FOR  OPERATIONAL  EFFECTIVENESS  C 

OUTPUT  C 

C 

NERR  >  NUMBER  OF  INPUT  DATA  ERRORS  IDENTIFIED  C 

C 

*t*«  ANALYTICAL  VARIABLES  C 

C 

ARA  a  AIRCRAFT  RELIABILITY  C 

AMSBF  a  AIRCRAFT  MEAN  NUMBER  OF  SORTIES  BETWEEN  C 

FAILURES  C 

SPM ( I ,  J )  a  PROBABILITY  THAT  MAINT  ACTION  J  ON  SUBSYSTEM  C 

I  IS  REQUIRED  GIVEN  AIRCRAFT  HAS  FAILED  C 

AMRTA  »  AIRCRAFT  MEAN  REPAIR  TIME  C 

AVRTA  *  AIRCRAFT  REPAIR  TIME  VARIANCE  C 

DEN(K)  »  REPAIR  TIME  PROBABILITY  DENSITY  AT  TIME  C 

INCREMENT  K  C 

CUMA(K)  *  REPAIR  TIME  CUMULATIVE  PROBABILITY  AT  TIME  C 

INCREMENT  K  (SINGLE  FAILURE)  C 

CUMAA(K)  a  ADJUSTED  REPAIR  TIME  CUMULATIVE  PROBABILITY  C 

AT  TIME  INCREMENT  K  (MULTIPLE  FAILURE)  C 

PDM  a  ESTIMATED  MAXIMUM  DIFFERENCE  BETWEEN  SINGLE  C 

AND  MULTIPLE  FAILURE  CDFS  C 

C 

MM  OPERATIONAL  EFFECTIVENESS  TRANSLATION  VARIABLES  C 

C 

TK(K>  a  TIME  AT  TIME  INCREMENT  K  C 

QSK(K)  a  QUANTITY  OF  AIRCRAFT  IN  FLYING  SORTIES  AT  C 

TK (K)  C 

QTK(K)  =  QUANTITY  OF  AIRCRAFT  BEING  TURNED  AT  TK(K)  C 

QRK(K)  a  QUANTITY  OF  AIRCRAFT  BEING  REPAIRED  AT  TK(K>  C 

RA(K)  a  QUANTITY  OF  READY  AIRCRAFT  AT  TK(K)  C 

AVLK(K)  »  AIRCRAFT  AVAILABILITY  AT  TK(K)  C 

SRATEK(K)  -  SORTIE  GENERATION  RATE  UP  TO  TK(K>  C 

AVLA  a  AVERAGE  AIRCRAFT  AVAILABILITY  C 

AVLM  a  MIMIMIM  AIRCRAFT  AVAILABILITY  C 

TSOR  *  TOTAL  QUANTITY  OF  SORTIES  FLOWN  C 

SRATE  »  SORTIE  GENERATION  RATE  C 

TREP  »  TOTAL  QUANTITY  OF  REPAIRS  PERFORMED  C 

RRATE  «  REPAIR  RATE  C 

C 


cmmtmmmmttmtmtmmtmmmmmmmtmmmmc 
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PROGRAM  RTDM2 
C 

COMMON/ INIT/TI , TM, NSUB, NWUC (30) , SMSBF (30) , SREL (30) 

*  f  ND I S ( 30 , 3 ) , SQM ( 30 , 3 ) , SMRT ( 30 , 3 ) , SVRT ( 30 , 3 ) 

S,  , SMU(30, 3) ,  SSGSQ (30, 3) , SSG(30, 3) ,NAF, ST ,  TT,  SW 

S'  ,STIM,  TIO,  TMO,NERR 

C 

COMMON/CALC/ARA, AMSBF, SPM (30, 3) , AMRTA, AVRTA, DEN ( 100) , CUMA (100) 

8,  ,  CUMAA  (100),  PDM 

C 

COMMON/TRAN/TK (500) , QSK (500) , QTK (500) , QRK (500) , RAK (500) , AVLK (500) 

S,  ,  SRATEK  ( 500 ) ,  AVLA ,  AVLM ,  TSOR ,  SRATE ,  TREP ,  RRATE 

***  LOCAL  VARIABLE  DEFINITIONS 
MSEL  *  MENU  SELECTION  NUMBER 
NOUT  *  INDICATOR  FOR  OUTPUT  DESTINT I ON 

NCDF  *  INDICATOR  FOR  USE  OF  ADJUSTED  CDF  IN  AVAIL/SORTIE  GEN 
COMPUTATIONS 

OPEN  (UNIT-1 1 , FILE*’ RTDM2. DAT’ , STATUS*’ OLD’ ) 

REMIND (11) 

CALL  READ IN 

20  WRITE  (*, 30) 

30  FORMAT  <’l’/ 

s,  » i» ,  ’  / 

St  ’  *  r/ 

S,  ’  *  REPAIR  TIME  DISTRIBUTION  MODEL  (VERSION  2.0)  »’/ 

S<  ’  *  ,V 

8,  ’  tttttttttttttttttttttttttttt**********************’ ' 

S,  nr  %%tt  MAIN  MENU  ****’// 

8,  ’  1.  PRINT  CURRENT  DATA’/ 

S<  ’2.  CHANGE  DATA’/ 

8,  ’  3.  RUN  PROGRAM’/ 

S<  ’  4.  EXIT  TO  OPERATING  SYSTEM’// 

S,  ’  ENTER  SELECTION  NUMBER:’) 

C 

READ  <*,*)  MSEL 
C 

IF  (MSEL.EQ. 1)  THEN 
CALL  INITIAL 
ELSE IF  (MSEL.EQ. 2)  THEN 
CALL  CHNGDAT 


EL SEIF  (MSEL.EQ.3)  THEN 
WRITE  (*,35) 

35  FORMAT  (/’  SELECT  OUTPUT  DESTINATION:  ’, 

&  ’  1=FILE  MRTDM2.0UTM,  0*PRINTER) ' ) 

READ  NOUT 

IF  (NOUT.EQ. 1)  THEN 

OPEN  (UNIT=12, FILE*’ RTDM2. OUT’ , STATUS*’ NEW’ ) 

ELSE 

OPEN  <UNIT=12,FILE*’PRN’> 

ENDIF 

CALL  INITIAL 
IF  (NERR.ST.O)  GOTO  20 
CALL  CALCULATE 
WRITE  (*,40) 

40  FORMAT  (/*  USE  ADJUSTED  CDF  FOR  AVAILABILITY/SORTIE  GEN  ’, 

&  'COMPUTATIONS?  <1=YES,  0=N0>’> 

READ  (*,*)  NCDF 
IF  (NCDF.EQ.l)  THEN 

CALL  TRANSLATE (ARA,CUMAA) 

ELSE 

CALL  TRANSLATE (ARA.CUMA) 

ENDIF 

ELSE IF  (MSEL.EQ.4)  THEN 
GOTO  50 
ENDIF 
C 

GOTO  20 
C 

50  CLOSE (11) 

CLOSE (12) 

END 

C 


n  no  n  n  n  n 
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c 

SUBROUTINE  READ IN 

t**  SUBROUTINE  READIN  READS  THE  INPUT  DATA  FROM  THE  INPUT  DATA 
FILE. 

COMMON/ INIT/TI , TM, NSUB, NWUC (30) , SMSBF (30) , SREL (30) 

Sc  ,NDIS(30,3) ,SQM(30,3) ,SMRT (30,3) ,SVRT (30,3) 

Sc  ,  SMU(30, 3) ,  SSGSQ(30,  3) ,  SSG  (30,  3) ,  NAF,  ST,  TT,  SW 

Sc  , STIM, TIO, TMO, NERR 

READ  (11,*)  T1,TM,NSUB 

DO  10  Isl,NSUB 

READ  (11,*)  NWUC ( I ) , SMSBF ( I ) , 

&  (NDIS(I, J> , SQM(I, J> , SMRT (I, J) , SVRT (I, J) ,  J*l,3) 

0  CONTINUE 

READ  (11,*)  NAF, ST, TT,SW, STIM, TIO, TMO 
C 

RETURN 


non 


c 

SUBROUTINE  INITIAL 

***  SUBROUTINE  INITIAL  TRANSFORMS  AND  CHECKS  THE  INPUT  DATA 

COMMON/ INIT/TI , TM, NSUB, NWUC (30) , SMSBF (30) , SREL (30) 

8c  , NDIS  (30, 3) ,  SQM  <30, 3) ,  SMRT  (30, 3) , SVRT  (30, 3) 

8c  ,  SMU(30, 3) ,  SSGSQ (30,  3) ,  SSS  (30, 3) ,  NAF,  ST,  TT,  SW 

8c  ,STIM,TIQ,  TMO.NERR 

C 

DO  20  Isl,NSUB 

SREL ( I ) »EXP (-1 . O/SMSBF (I) ) 

DO  10  J*l,3 

SMRTSQ=SMRT (I, J) «SMRT (I,  J) 

IF  (NDIS(I, J) . EQ. 1)  THEN 

SMU  < I , J ) »ALOG ( SMRTSQ/SQRT  <  SVRT (I, J) +SMRTSQ) ) 
SSGSQ (I, J) -ALOG ( (SVRT (I, J) +SMRTSQ) /SMRTSQ) 

SSG ( I , J ) *SQRT <  SSGSQ ( I , J ) > 

ELSEIF  (NDISd,  J)  .EQ.2)  THEN 
SVRT (I , J ) a 1 . O/SMRTSQ 
ENDIF 

10  CONTINUE 

20  CONTINUE 
C 

CALL  INITOUT 
CALL  ERRCHK 
C 

RETURN 

END 

C 


P 


A; 

o!' 
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SUBROUTINE  INITOUT 

«**  SUBROUTINE  INITOUT  PRINTS  THE  INPUT  DATA  TO  THE  OUTPUT  DEVICE 
IN  A  LABELED  FORMAT.  . 

COMMON/ 1 NIT/TI , TM, NSUB, NWUC  <30) , SMSBF (30) , SREL (30) 

&  ,NDIS<30,3) ,SQM(30,3> ,SMRT (30,3) ,SVRT (30,3) 

&  ,  SMU<30, 3) ,  SSSSO  <30, 3) ,  SSS  (30, 3) ,  NAF,  ST,  TT,  SW 

&  , STIM, TIO, TMO,NERR 

C 

C  m  LOCAL  VARIABLE  DEFINITIONS 

C  CNDISd, J)  =  ALPHANUMERIC  IDENTIFIER  FOR  DISTRIBUTIONAL  FORM 

C  OF  MAINTENANCE  ACTION  J  ON  SUBSYSTEM  I 

C  ’N/A’  =  NOT  APPLICABLE 

C  'LGN’  »  LOGNORMAL 

C  ’EXP’  *  EXPONENTIAL 

C 

CHARACTERS  CNDIS(30,3) 

C 

DO  20  1-1, NSUB 
DO  10  J=1 , 3 

IF  (NDIS(I, J) .EQ.O)  THEN 
CNDISd, J)=’N/A' 

ELSE IF  (NDIS(I.J).EQ. 1)  THEN 
CNDISd  ,3)*’ LGN* 

ELSE IF  (NDIS(I, J) . EQ.2)  THEN 
CNDISd,  J)=’EXP’ 

END  IF 


10 

CONTINUE 

20 

P 

CONTINUE 

L 

WRITE  (12,30) 

30 

r 

FORMAT  (IX, ’**»  INITIAL  DATA  ***’//> 

L 

WRITE  (12,40)  TI 

40 

FORMAT  (IX, ’PDF /CDF  REPAIR  TIME  INCREMENT: 

’ ,F5.2) 

WRITE  (12,50)  TM 

50 

P 

FORMAT  (IX, ’PDF/CDF  MAXIMUM  REPAIR  TIME: 

’ ,F5.2/) 

L 

WRITE  (12,70)  NSUB 

70 

FORMAT  (IX, ’TOTAL  NUMBER  OF  SUBSYSTEMS: 

’,15/) 

C 
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WRITE  (12,80) 

80  FORMAT  ( IX, T31, 'REMOVE  AND  REPLACE’ , T65, ’ REPAIR  IN  PLACE’, T99, 
k  ’CAN  NOT  DUPLICATE’/) 

WRITE  (12,90) 

90  FORMAT  (IX, ’SUBSYS’ ,2X, ’  SUBSYS’ ,2X, 'SUBSYS’ , 

*<  3(4X, ’  DIST’ ,2X, '  COND’ , 2X, ’  MEAN’,2X,’  VAR-’)) 

WRITE  (12,100) 

100  FORMAT  (IX,’  C0DE',2X,’  MSBF’,2X,’  REL’, 

k  3(4X, ’  TYPE’ ,2X, ’  PR0B’,2X,’  TIME’,2X,’  IANCE’)/) 

C 

DO  120  I«1,NSUB 

WRITE  (12,110)  NMUC ( I ) , SMSBF ( I ) , SREL ( I ) , 
k  (CNDIS(I, J) , SQM(I, J) , SMRT (1, J) , SVRT (I,J),J*1,3) 


110 

120 

C 

FORMAT  (IX,  16,  IX, F9. 3, 2X, F6. 3, 3 (7X,  A3, 3  (2X, F6. 3) ) ) 
CONTINUE 

WRITE  (12,130) 

130 

FORMAT  (//IX, 'AVAILABILITY/SORTIE  GENERATION 
WRITE  (12,140)  NAF 

PARAMETERS’/) 

140 

FORMAT  (IX, ’AIRCRAFT  FORCE  SIZE! 

WRITE  (12,150)  ST 

’,16) 

150 

FORMAT  (IX, 'AIRCRAFT  SORTIE  TlMEi 

WRITE  (12,160)  TT 

’ , F6.2) 

160 

FORMAT  (IX, ’AIRCRAFT  TURN  TIMEi 

WRITE  (12,170)  SW 

’ , F6.2) 

170 

FORMAT  (IX, ’SORTIE  LAUNCH  WINDOW! 

WRITE  (12,180)  STIM 

' , F6.2) 

180 

FORMAT  (IX, ’MAXIMUM  LAUNCHES  PER  PERIOD  TIi 
WRITE  (12,190)  TIO 

’  ,F6. 2/) 

190 

FORMAT  (IX, ’AVAIL/SORT  GEN  TIME  INCREMENT! 
WRITE  (12,200)  TMO 

’ , F6.2) 

200 

C 

FORMAT  (IX, ’AVAIL/SORT  GEN  MAXIMUM  TIMEi 

RETURN 

END 

'  ,F6.2///) 

C 
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SUBROUTINE  ERRCHK 
C 

C  It*  SUBROUTINE  ERRCHK  CHECKS  THE  INPUT  DATA  FOR  ILLEGAL  VALUES 
C  AND  RELATIONAL  INCONSISTENCIES.  IF  ILLEGAL  VALUES  OR 

C  INCONSISTENCIES  ARE  FOUND,  AN  ERROR  MESSAGE  IS  DISPLAYED  AND 

C  THE  PROGRAM  IS  TERMINATED. 

C 

COMMON/ INIT/TI , TM, NSUB, NWUC (30) , SMSBF (30) , SREL (30) 

<<  , ND1S (30, 3) , SQM (30, 3) , SMRT (30, 3) , SVRT (30, 3) 

&  ,  SMU  (30, 3) ,  SSGSQ (30, 3) ,  SSG (30, 3) ,  NAF,  ST,  TT,  SN 

*  ,STIM,TIO, TMO,NERR 

C 

NERR-0 

C 

CALL  MULTERR(TM,  TI,  'CDF  MAX  TIME  VCDF  TIME  I  NCR  ’ ,  NERR) 

C 

DO  60  1*1, NSUB 
DO  40  J«l,3 

IF  ( (NDIS(I,  J) .  NE.O)  .AND.  (NDISd,  J)  .NE.  1) 

&  .AND.  (NDISd, JJ.NE. 2))  THEN 

WRITE  (12,20)  J.NNUCd) 

20  FORMAT  (IX, ’INPUT  ERROR  --  NDIS  FOR  ACTION  ’,11, 

&  ’  ON  SUBSYSTEM  ’,12,’  NOT  0,  1,  OR  2’) 

NERR-NERR+l 
END  IF 

IF  ((NDISd,  J).EO.O>.  AND.  (SQM(I,  J)  .NE.O.O) )  THEN 
WRITE  (12,30)  J, NWUC (I) 

30  FORMAT  (IX, 'INPUT  ERROR  --  SQM  FOR  ACTION  ’,11, 

&  ’  ON  SUBSYSTEM  ’,12,’  MUST  BE  0.0’) 

NERR-NERR+1 

ENOIF 

40  CONTINUE 

IF  (ABS(SQM(1, 1)  +SQMd,2)  +SQM(I, 3)-1.0)  .GT. 0.001)  THEN 
WRITE  (12,50)  NWUCd ) 

50  FORMAT  (IX, ’INPUT  ERROR  —  SUM  OF  SQM  FOR  SUBSYSTEM  ’, 

&  12,’  NOT  EQUAL  TO  1.0') 

NERR-NERR+1 

ENDIF 

60  CONTINUE 


CALL  MULTERR (ST, TI, ’SORTIE  TIME 
CALL  MULTERR ( TT, T I , ’ TURN  TIME 
CALL  MULTERR <SW,TI, ’SORTIE  WINDOW 


'CDF  TIME  I NCR 
’CDF  TIME  I NCR 
’CDF  TIME  I NCR 


CALL  MULTERR <TIO,TI, ’AVAIL  TIME  INCR’,’CDF  TIME  INCR 


' , NERR) 

' , NERR) 

' , NERR) 

’ ,N£RR) 


CALL  MULTERR (TMO,TIO, ’AVAIL  MAX  TIME  ’,’ AVAIL  TIME  INCR’, NERR) 


nnnnonnn 


% 

J 


I 


IF  (NERR.GT.O)  THEN 
WRITE  (12,70)  NERR 

70  FORMAT  (/IX, 12,’  INPUT  ERRORS  DETECTED!  ', 

&  'PROGRAM  WILL  NOT  RUN') 

ENDIF 

C 

RETURN 

END 

C 
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SUBROUTINE  MULTERR(XM,XI,CXM,CXI,NERR) 

tSS  SUBROUTINE  MULTERR  VERIFIES  THAT  XI  IS  AN  EVEN  MULTIPLE  OF  XM. 
IF  XI  IS  NOT  A  MULTIPLE  OF  XM,  AN  ERROR  MESSAGE  IS  PRINTED  AND 
THE  ERROR  COUNTER  IS  INCREASED  BY  ONE. 

Stt  LOCAL  VARIABLE  DEFINITIONS 

CXM,  CXI  »  IDENTIFIERS  OF  OFFENDING  VARIABLES 

CHARACTER* 15  CXM, CXI 
C 

IF  (ABS(AM0D(XM+0.0001,XI)).GT.0.001)  THEN 
WRITE  (12,10)  CXM, CXI 

10  FORMAT  (IX, 'INPUT  ERROR  --  ’,A15, '  NOT  A  MULTIPLE  OF  \A15> 

NERR-NERR+1 
ENDIF 
C 

RETURN 

END 

C 


D-ll 
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SUBROUTINE  CHNGDAT 


m  SUBROUTINE  CHNGDAT  INTERACTIVELY  HODIFIES  THE  INPUT  DATA. 

THE  MODIFIED  DATA  CAN  BE  USED  FOR  A  SINGLE  PROGRAM  RUN  OR  TO 
PERMANENTLY  REPLACE  THE  INPUT  DATA  FILE. 

COMMON/ INIT/TI , TM, NSUB, NWUC (30) , SMSBF (30) , SREL (30) 

Sc  ,NDIS(30,3),SQM(30,3>,SMRT(30,3>,SVRT(30,3> 

*  ,  SMU (30, 3) ,  SSGSQ  (30, 3) ,  SS6  (30, 3) ,  NAF,  ST,  TT,  SW 

Sc  ,  STIM,  TIO,  TMO,  NERR 

***  LOCAL  VARIABLE  DEFINITIONS 
MSEL  ■  MENU  SELECTION  NUMBER 


20 

30 


C 

C 


40 


50 


C 

C 

60 


WRITE  (*, 30) 


FORMAT  Cl’/’ 

& 

&  ’ 

<> 

&  ’ 

Sc  ’ 

Sc 

Sc 


1’,’tts  DATA  CHAN6E  MENU  «**’// 

1.  CHANGE  DISTRIBUTION  TIME  INCREMENT’/ 

2.  CHANGE  DISTRIBUTION  MAXIMUM  TIME’/ 

3.  CHANGE  SUBSYSTEM  DATA’/ 

4.  CHANGE  CONCEPT  OF  OPERATIONS’/ 

5.  RECORD  CHANGES  TO  PERMANENT  FILE’/ 

6.  EXIT  TO  MAIN  MENU’// 

ENTER  SELECTION  NUMBERi ’ ) 


READ  (*,t)  MSEL 


IF  (MSEL.EQ. 1)  THEN 
WRITE  (1,40)  TI 

FORMAT  Cl' /’l’, ’CURRENT  TIME  INCREMENT!  ’,F3.2// 
Sc  ’  ENTER  NEW  TIME  INCREMENT:’) 

READ  (t.t)  TI 
ELSEIF  (MSEL.EQ. 2)  THEN 
WRITE  (1,30)  TM 

FORMAT  (’ l’ /’l’, ’CURRENT  MAXIMUM  TIME:  ’,F5.2// 

Sc  ’  ENTER  NEW  MAXIMUM  TIME:') 


READ 

(«,f>  TM 

ELSEIF 

(MSEL.EQ. 3) 

THEN 

CALL 

SUBCHNG 

ELSEIF 

(MSEL.EQ. 4) 

THEN 

CALL 

CONCHNG 

ELSEIF 

(MSEL.EQ. 5) 

THEN 

CALL 

RECORD 

ELSEIF 

(MSEL.EQ. 6) 

THEN 

GOTO 

60 

ENDIF 

GOTO  20 

RETURN 

nnnnnnnnnnn  nnn 
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SUBROUTINE  SUBCHNG 

ttt  SUBROUTINE  SUBCHG  INTERACTIVELY  CHANGES  SUBSYTEM  DATA. 

COMMON/ INIT/T I, TM,NSUB,NWUC<30> , SMS8F(30> , SREL (30) 
t  ,NDIS(30,3) , SQM (30, 3) ,SMRT (30,3) ,SVRT (30,3) 

&  , SMU(30,3) , SS6SQ(30,3) , SS6(30,3) , NAF,ST,TT,SW 

U  ,STIM,TIO,TMO,NERR 

m  LOCAL  VARIABLE  DEFINITIONS 

NNUCC  -  WORK  UNIT  CODE  OF  SUBSYTEM  TO  BE  CHANGED 
MSEL  *  MENU  SELECTION  NUMBER 

NCHG  »  INDICATOR  FOR  ADDITIONAL  CHANGES  (1-YES,  O-NO) 

CNDIS(I.J)  -  ALPHANUMERIC  IDENTIFIER  FOR  DISTRIBUTIONAL  FORM 
OF  MAINTENANCE  ACTION  J  ON  SUBSYSTEM  I 
’N/A’  -  NOT  APPLICABLE 
'LGN'  -  LOGNORMAL 
’EXP’  -  EXPONENTIAL 

CHARACTERI3  CNDIS(30,3> 

C 

20  WRITE  (t,30> 

30  FORMAT  (’ 1* /’ 1’ , ’ENTER  WORK  UNIT  CODE  OF  SUBSYSTEM  TO  CHANGE! ’ ) 

READ  (*,*>  NWUCC 
C 

DO  150  I-l.NSUB 
C 

40  IF  (NWUC(I) .EQ. NWUCC)  THEN 

DO  50  J»l,3 

IF  (NDISd,  J) .EQ.O)  THEN 
CNDISd,  J)-’N/A’ 

ELSEIF  (NDISd,  J)  .EQ.  1)  THEN 
CNDISd,  J)*' LGN' 

ELSEIF  (NDISd, J).EQ.2>  THEN 
CND1S (I , J ) -’ EXP' 

ENDIF 

50  CONTINUE 


WRITE  (t,60)  NWUC ( I ) , SHSBF (I ) , 

(CNDIS ( I , J) ,  SGMd ,  J) ,  SMRT (I ,  J) ,  SVRT (I, J) , J*1 ,3) 
FORMAT  ( ’ 1 ’ /’ 1  ’ , ' CURRENT  DATA  FOR  SUBSYSTEM  ’ , 12 ft 

’  1.  MEAN  SORTIES  BETWEEN  FAILURES!  \F9.3// 

’  MAINTENANCE  ACTION  ll  REMOVE  AND  REPLACE’/ 

’  2.  FORM  OF  REPAIR  TIME  DISTRIBUTION!  ’,A3/ 
’  3.  CONDITIONAL  PROBABILITY!  ’,F6.3/ 

’  4.  MEAN  REPAIR  TIME!  ’,F6.3/ 

’  S.  REPAIR  TIME  VARIANCE!  ’,F6.3// 

’  MAINTENANCE  ACTION  2i  REPAIR  IN  PLACE’/ 

’  6.  FORM  OF  REPAIR  TIME  DISTRIBUTION!  ’,A3/ 
’  7.  CONDITIONAL  PROBABILITY!  ’,F6.3/ 

'  8.  MEAN  REPAIR  TIME!  \F6.3/ 

’  9.  REPAIR  TIME  VARIANCE!  ’,F6.3// 

’  MAINTENANCE  ACTION  3i  CAN  NOT  DUPLICATE’/ 

*  10.  FORM  OF  REPAIR  TIME  DISTRIBUTION!  ’,A3/ 
’  11.  CONDITIONAL  PROBABILITY!  ’,F6.3/ 

’  12.  MEAN  REPAIR  TIME!  ',F6.3/ 

’  13.  REPAIR  TIME  VARIANCE!  ’,F6.3// 

’  ENTER  NUMBER  OF  ITEM  TO  CHANGE! ' ) 

READ  (t,f)  MSEL 

IF  (MSEL.EQ. 1)  THEN 
WRITE  (t,70> 

FORMAT  (/’  ENTER  NEW  MSBFj ’ ) 

READ  (t,l)  SMSBF(I) 

ENDIF 

DO  130  J-1,3 

IF  (MSEL.  EQ.  4t ( J-l ) +2)  THEN 
WRITE  (t,BO> 

FORMAT  (/’  ENTER  NEW  FORM  OF  DISTRIBUTION  ’ , 

’  (O-NONE,  1 “LOGNORMAL,  2«EXP0NENTIAL> ! ’ > 
READ  (l,t)  NDISd.J) 

IF  (NDIS(I, J) . EQ.O)  THEN 
SQMd,  J)«0.0 
SHRTd,  J)  “0.0 
SVRTd,  J)“0.0 

ELSE IF  (NDIS(I,J) .EQ.2)  THEN 

SVRT (I, J) “1 . 0/ (SMRT (I , J) USMRT (I , J) ) 

ENDIF 

ELSEIF  (MSEL.EQ. 4t (J-l ) +3)  THEN 
WRITE  (1,90) 

FORMAT  (/’  ENTER  NEW  CONDITIONAL  PROBABILITY!’) 
READ  (*,«>  SQMd.J) 

ELSEIF  (MSEL.EQ. At (J-l )+♦)  THEN 
WRITE  (1,100) 

FORMAT  (/’  ENTER  NEW  MEAN  REPAIR  TIMEi ’ ) 

READ  (t,t>  SMRT (I, J) 


*c,*v*\'  V*  *.*  •/  s'  •. *  ". *  \*  *, 


•*»  •'»  »*«  *  .  •* «  '  .  m  V  *  •_ "  «  *  »  *  «  *  *. '  •  *  ■_*  “  *  •  •  «  *  !  '  »  *  *  '  «  *  • 


ELSE IF  (MSEL.EQ.4*(J-l>+5)  THEN 
IF  (NDISd,  J)  «EQ.2>  THEN 
NRITE  (1,110) 

FORMAT  (’  EXPONENTIAL  DISTRIBUTION!  ’, 
'VARIANCE  DETERMINED  BY  MEAN') 

ELSE 

NRITE  (*,120) 

FORMAT  (/'  ENTER  NEM  REPAIR  TIME  VARIANCE!') 
READ  (*,*)  SVRTd, J) 

ENDIF 
END  IF 
CONTINUE 

NRITE  (*,140)  NNUC(I) 

FORMAT  (/’  DO  YOU  NISH  TO  CHANGE  ANOTHER  ITEM  FOR  *, 
'SUBSYSTEM  ',12,'?  (1-YES,  O-NO) ’ ) 

READ  (*,*)  NCH6 
IF  (NCHG.EQ. 1)  THEN 
GOTO  40 
ELSE 

GOTO  160 
ENDIF 

ENDIF 

CONTINUE 


RETURN 


nnoon  nnnn 
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SUBROUTINE  C0NCHN6 

III  SUBROUTINE  C0NCHN6  INTERACTIVELY  CHANGES  CONCEPT  OF  OPERATIONS 
DATA. 

COHMON/INIT/TI , TH, NSUB, NHUC (30) , SHSBF (30) , SREL (30) 

&  ,NDIS<30,3) ,SOh <30,3), SMRT (30,3) ,SVRT (30, 3> 

!■  ,SHU<30, 3), 88680(30,3)  ,SSG(30, 3)  tNAF,  ST, TT,SN 

li  ,STIM,TIO,TMO,NERR 

m  LOCAL  VARIABLE  DEFINITIONS 
HSEL  -  MENU  SELECTION  NUMBER 

NCHG  -  INDICATOR  FOR  ADDITIONAL  CHAN6ES  (1-YES,  O-NO) 

20  MR1TE  (4,30)  NAF.ST, TT,SN, STIM,TIO,TMO 

30  FORMAT  (' 1’/' 1* , 'CURRENT  CONCEPT  OF  OPERATIONS  DATA'// 


’  i. 

AIRCRAFT  FORCE  SIZE* 

’,16/ 

’  2. 

AIRCRAFT  SORTIE  TIME* 

’ ,  F6. 2/ 

'  3. 

AIRCRAFT  TURN  TIMEi 

’ , F6.2/ 

’  4. 

SORTIE  LAUNCH  WINDOWS 

’ , F6.2/ 

’  3. 

MAXIMUM  LAUNCHES  PER  TIME  INTERVAL* 

’ ,F6. 2/ 

’  6. 

AVAIL/SORTIE  GEN  TIME  INCREMENT* 

’ , F6.2/ 

’  7. 

AVAIL/SORTIE  GEN  MAXIMUM  TIME* 

' ,F6.2/ / 

& 

’  ENTER  NUMBER  OF  ITEM  TO  CHANGE*’) 

C 

READ  <*,!>  HSEL 

C 

IF  (HSEL.EQ. 1)  THEN 
MRITE  (4,40) 

40  FORMAT  (/’  ENTER  NEN  AIRCRAFT  FORCE  SIZE*’) 

READ  (4,4)  NAF 
ELSEIF  (HSEL.EQ. 2)  THEN 
WRITE  (4,50) 

SO  FORMAT  (/’  ENTER  NEW  AIRCRAFT  SORTIE  TIMEi ’ ) 

READ  (4,4)  ST 
ELSEIF  (HSEL.EQ. 3)  THEN 
WRITE  (4,60) 

60  FORMAT  (/’  ENTER  NEW  AIRCRAFT  TURN  TIME*') 

READ  (4,4)  TT 
ELSEIF  (MSEL.EQ.4)  THEN 
WRITE  (4,70) 

70  FORMAT  (/'  ENTER  NEW  SORTIE  LAUNCH  WINDOWS’) 

READ  (t,!>  SW 
ELSEIF  (MSEL.EQ.S)  THEN 
WRITE  (1,80) 

FORMAT  (/’  ENTER  NEW  MAX  NUMBER  OF  LAUNCHES  PER  INTERVAL! ’ ) 
READ  (t,t>  STIM 


80 


EL SEIF  (MSEL.EQ.6)  THEN 
WRITE  (*,90) 

FORMAT  (/'  ENTER  NEW  AVAIL/SORTIE  GEN  TIME  INCREMENT: 
READ  (*,*)  TIO 
ELSEIF  (MSEL.EQ.7)  THEN 
WRITE  (1,100) 

FORMAT  (/’  ENTER  NEW  AVAIL/SORTIE  GEN  MAXIMUM  TIME:’) 
READ  (*,*)  TMO 
ENDIF 

WRITE  (*,110) 

FORMAT  (/’  DO  YOU  WISH  TO  CHANGE  ANOTHER  DATA  ITEM? 

MI-YES,  0-N0>’> 

READ  (*,*)  NCH6 
IF  (NCH6.EQ. 1)  GOTO  20 


RETURN 
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c 

SUBROUTINE  RECORD 
C 

C  I**  SUBROUTINE  RECORD  PERMANENTLY  WRITES  THE  CHANGED  DATA  TO  THE 
C  INPUT  DATA  FILE 

C 

COMMON/ INIT/TI , TM, NSUB, NMUC (30) , SMSBF (30) , SREL (30) 

&  ,NDIS(30,3),SQM(30,3),SMRT(30,3>,SVRT(30,3> 

&  , SMU(30, 3) , SS6SQ(30, 3) , SS6(30, 3) , NAF, ST, TT , SW 

&  , STIM, TIO, TMO, NERR 

C 

REWIND  (11) 

C 

WRITE  (11,10)  TI,TM,NSUB 
10  FORMAT  (1X,2(F4.2,2X)//1X, 12/) 

C 

DO  30  1-1, NSUB 

WRITE  (11,20)  NNUC ( I ) , SMSBF ( I ) , 

S.  (NDIS(I ,  J) , SQM(I ,  J) , SMRT  (I,  J)  ,SVRT(I,  J) ,<1*1,3) 

20  FORMAT  (IX, I2,2X,F9. 3,3<2X, I1,3(1X,F3.3) ) ) 

30  CONTINUE 

C 

WRITE  (11,40)  NAF, ST, TT, SM, STIM, TIO, TMO 
40  FORMAT  (/IX, I2,2X,2(F4.2,2X) ,F5.2,2X,2(F4.2,2X) ,F5.2/) 

C 

RETURN 


cttimimtmmtmmmttiimtmmtttttmmtmtHumtmm 

c 

SUBROUTINE  CALCULATE 
C 

C  III  SUBROUTINE  CALCALUTE  COMPUTES  AN  ANALYTICAL  MEAN  AND 
C  VARIANCE  FOR  THE  REPAIR  TIME  DISTRIBUTION.  IT  ALSO  COMPUTES 

C  THE  VALUE  OF  THE  PROBABILITY  DENSITY  FUNCTION  AND  CUMULATIVE 

C  DISTRIBUTION  FUNCTIONS  (SINGLE  FAILURE  AND  ADJUSTED  FOR 

C  MULTIPLE  FAILURE)  AT  EACH  TIME  INCREMENT  TI  UP  TO  A 

C  MAXIMUM  REPAIR  TIME  TM. 


COMMON/ INIT/TI , TM, NSUB.NWUC (30) , SMSBF (30) , SREL (30) 

&  , NDIS(30, 3) , SQM (30, 3) ,SMRT (30,3) ,SVRT (30,3) 

&  , SMU(30, 3) , SS6SQ(30, 3) , SSG(30, 3) ,NAF,ST, TT,SH 

&  , STIM,TIQ, TMO,N£RR 

COMMON/CALC/ARA, AMSBF, SPM (30, 3) , AMRTA, AVRTA,DEN( 100) , CUMA(IOO) 
&  ,  CUMAA  ( 100) ,  PDM 


III  LOCAL  VARIABLE  DEFINITIONS 

APF  -  PROBABILITY  OF  AIRCRAFT  FAILURE  ASSUMING  ONLY  ONE 
SUBSYSTEM  FAILS 

DATA  AO/0.0014102102/, Al/. 10861372/ 

ARA-1.0 
APF -0.0 
AMRTA-0.0 
AVRTA-0.0 

DO  10  I*1,NSUB 

ARA-ARAtSREL ( I ) 

APF 3 APF + ( 1 . O-SREL (I) ) 

CONTINUE 

AMSBF— 1 . 0/ALOG  (ARA) 

PDM-A0+A1 /AMSBF 


DO  30  I*1,NSUB 
DO  20  J«l,3 

SPM( I , J) ■( ( 1 . O-SREL ( I ) ) /APF) *SQM( I , J) 

AMRT  A«AMRT  A+SPM (I, J) ISMRT (I, J) 

IF  (NDIS(I, J) . EQ. 1)  THEN 
AVRTA-AVRTA 

!<  ♦SPM(I,J)IEXP(2ISMU(I, J)+2ISSGSQ(I, J)) 

ELSE IF  (NDIS(I, J) .EQ.2)  THEN 

AVRT  A*AVRT  A+SPM (I , J  >  I2ISMRT (I , J ) ISMRT (I , J ) 
ENDIF 
CONTINUE 
CONTINUE 
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AVRTA-AVRTA-AMRTAIAMRTA 


DO  40  IT-NINT( 1000. 0*TI),NINT< 1000. Of TH),NINT( 1000. OtTI) 
T»FLOAT< IT)/ 1000.0 
K*NINT (T/TI ) 

DEN<K)-D£NSITY<T> 

CUMA(K)*CUMUL(T) 

CUMAA ( K ) “ ACUMUL ( K ) 

CONTINUE 

CALL  CALCOUT 

RETURN 

END 


cuiiimmiimifmttummtmiiutmummimtmtuttimm 

c 

FUNCTION  DENSITY (T) 

C 

C  M*  FUNCTION  DENSITY  RETURNS  THE  VALUE  OF  THE  AIRCRAFT  REPAIR  TIME 
C  PROBABILITY  DENSITY  FUNCTION  ASSOCIATED  NITH  REPAIR  TIME  T. 

C 

COMMON/ INI T/T I , TM, NSUB, NWUC (30) , SMSBF (30) , SREL (30) 

St  ,NDIS<30,3) , SQM <30, 3) ,SMRT (30,3) ,SVRT (30,3) 

St  , SMU<30,3) , SS6SQ(30,3) , SS6<30,3) , NAF,ST,TT,SW 

St  ,STIM,TIO,TMO,NERR 

C 

COMMON/CALC/ ARA, AMSBF, SPM (30, 3) , AMRTA, AVRTA, DEN (100), CUMA ( 100) 

Sc  , CUMAA  < 100) , PDH 

C 

C  m  LOCAL  VARIABLE  DEFINITIONS 

C  T DENSITY  «  TEMPORARY  VARIABLE  FOR  STORING  ITERATIVE  WEIGHTED 

C  SUM  OF  SUBSYSTEM  DENSITIES 

C 

TDENSITY-0.0 

C 

DO  20  I -1, NSUB 
DO  10  J«l,3 

IF  (NDIS(I, J) . EQ. 1)  THEN 

TDENS I TY-TDENS I T Y +SPM  < I , J> » 

St  EXP(-((ALOG(T)-SMU(I,  J) ) *S2) / (2*SSGSQ(I, J) ) ) 

St  /  (TS2.5066283<SSG(I,  J)  > 

ELSEIF  (NDIS(I, J) . EQ. 2)  THEN 
TDENS I TY-TDENS I TY+SPM (I , J ) I 
St  EXP<-T/SMRT (I,  J) )  /SMRT(I,  J) 

ENDIF 

10  CONTINUE 

20  CONTINUE 

C 

DENS I TY-TDENS I TY 
C 

RETURN 

END 

C 
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FUNCTION  CUHUL(T) 

ttt  FUNCTION  CUHUL  RETURNS  THE  VALUE  OF  THE  AIRCRAFT  REPAIR  TIME 
CUMULATIVE  DISTRIBUTION  FUNCTION  ASSOCIATED  WITH  REPAIR  TIME 
T. 

COMMON/ INI T/TI , TM, NSUB, NNUC (30) , SMSBF (30) , SREL (30) 
fc  ,NDIS  (30, 3) ,  SOM  <30, 3) ,  SMRT  (30, 3) ,  SVRT  (30, 3) 

«i  , SMU(30, 3) , SS6SQ(30, 3) , SS6(30, 3) , NAF,ST,TT,SW 

V  , STIM,TIO,TMO,NERR 

COMMON/CALC/ARA, AMSBF, SPM (30, 3) , AMRTA, AVRTA, DEN (100), CUMA ( 100) 
t<  ,  CUMAA(IOO) ,  PDM 

ttt  LOCAL  VARIABLE  DEFINITIONS 

TCUMUL  -  TEMPORARY  VARIABLE  FOR  STORING  ITERATIVE  WEIGHTED 
SUM  OF  SUBSYSTEM  CDF  VALUES 

TCUMUL-0.0 
C 

DO  20  I-l.NSUB 
DO  10  J-1,3 

IF  (NDISU,  J) . EQ.  1)  THEN 

TCUMUL “TCUMUL +SPM (I, J) IPLGN (I,J,T> 

ELSE IF  (NDIS(I, J) . EQ. 2)  THEN 

TCUMUL-TCUHUL+SPH  < I , J ) * ( 1 . 0-EXP ( -T/SMRT (I, J) ) ) 

ENDIF 

10  CONTINUE 

20  CONTINUE 
C 

CUMUL-TCUMUL 

C 

RETURN 

END 
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c 

FUNCTION  PLGN(I, J,T> 

m  FUNCTION  PL6N  RETURNS  THE  CUMULATIVE  PROBABILITY  ASSOCIATED 
WITH  REPAIR  TINE  T  FOR  A  LOGNORMAL  SUBSYTEM  REPAIR  TIME 
DISTRIBUTION  FOR  MAINTENANCE  ACTION  J  ON  SUBSYTEM  I. 

COMMON/ INIT/TI , TM, NSUB, NNUC (30) , SMSBF (30) , SREL (30) 

Sc  ,NDIS(30,3> , SQM (30, 3) ,SMRT (30,3) ,  SVRT (30,3) 

Sc  ,  SMU (30, 3) ,  SS6SQ (30, 3) ,  SS6  (30, 3) ,  NAF,  ST,  TT,  SW 

Sc  ,STIM,TIO,TMO,NERR 

C 

DATA  AO/O. 797884560593/, A1/-0. 531923007300/ 

DATA  A2/0. 319152932694/ , A3/-0. 151968751364/ 

DATA  A4/0. 059054035642/, A5/-0. 019198292004/ 

DATA  A6/0 . 005198775019/ , A7/ -0 . 00 1 075204047/ 

DATA  A8/0. 000124818987/ 

DATA  BO/O. 999936657524/ , B1 /O. 000535310849/ 

DATA  B2/-0. 002141268741 /,B3/0. 005353579108/ 

DATA  B4/-0. 009279453341/, B5/0.01 1630447319/ 

DATA  B6/-0. 010557625006/, B7/0. 006549791214/ 

DATA  B8/-0. 002034254874/ , B9/-0. 000794620820/ 

DATA  B10/0. 001390604284/, B11/-0. 0006760904986/ 

DATA  B12/-0.000019538132/,B13/0. 000152529290/ 

DATA  B14/-0. 000045255659/ 

C 

X-(ALOG(T)-SMU(I,J))/SSG(I,J> 

V-ABS(X)/2.0 

C 

IF  (V.GE.3.0)  THEN 
ZM.O 

ELSEIF  (V.LT.1.0)  THEN 

N-VIV 

Z- (((((( ( (A8IW+A7) *W+A6) fW+A5) tW+A4) SW+A3) SW+A2) SW+A1 ) SW+AO) 

6  SV*2 

ELSEIF  (V.GE.1.0)  THEN 
V-V-2.0 

Z-( ((<((((<(( ( (814SV+B13) SV+B12) SV+B1 1) SV+B10) SV+B9) SV+B8) 

6  IV+B7) SV+B6) 4V+B5) SV+B4) SV+B3) SV+B2) SV+B1 >  SV+BO 

END  IF 
C 

IF  (X.GT.O.O)  THEN 
PLGN-(Z+1. 01/2.0 
ELSE 

PLGN-(1.0-Z 1/2.0 
ENDIF 
C 

RETURN 

END 

C 
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c 

FUNCTION  ACUMUL(K) 

«*  FUNCTION  ACUNUL  RETURNS  THE  ADJUSTED  CUMULATIVE  DISTRIBUTION 
FUNCTION  FOR  REPAIR  TIME  INCREMENT  K. 

COMMON/CALC/ARA, AMSBF, SPM (30, 3) , AMRTA, AVRTA, DEN ( 100) , CUMA( 100) 

&  , CUMAA(IOO) , PDM 

m  LOCAL  VARIABLE  DEFINITIONS 

PD  -  ESTIMATED  DIFFERENCE  BETWEEN  SINGLE  AND  MULTIPLE  FAILURE 
CDFS 

DATA  A0/-0. 0013398701 /, Al/3. 32372128/, A2/-1 . 8398932/ 

DATA  A3/-1. 3974138/ 

C 

PD-PDM* ( (A3 tCUMA (K) +A2) tCUMA (K) +A1 ) tCUMA (K) +A0 
C 

IF  <PD.6T.0.0)  THEN 
ACUMUL-CUMA<K)-PD 
ELSE 

ACUMUL-CUMA(K) 

ENDIF 

C 

RETURN 


SUBROUTINE  CALCOUT 

ttt  SUBROUTINE  CALCOUT  WRITES  THE  RESULTS  OF  THE  ANALYTICAL 
CONFUTATIONS  TO  THE  OUTPUT  DEVICE  IN  A  LABELED  FORMAT. 


COMMON/ INIT/TI , TM, NSUB, NMUC (30) , SMSBF (30) , SREL (30) 
li  ,NDIS(30,3> , SQM (30, 3) ,  SNRT  (30,3)  ,SVRT  (30,3) 

<<  ,  SMU(30, 3) ,  SS6S0(30, 3) ,  SS6(30, 3) , NAF,ST, TT, SN 

t  ,  STIM,  TIO,  TMO,NERR 

COMMON /CALC / ARA , AMSBF, 8PM ( 30, 3  > , AMRTA, AVRTA, DEN ( 100) , CUNA ( 100) 
, CUMAA ( 100) , PDN 

ttt  LOCAL  VARIABLE  DEFINITIONS 

LINE  -  CHARACTER  ARRAY  FOR  GRAPHICAL  PLOT  OF  REPAIR  TINE 
DISTRIBUTION 

CHARACTER tl  LINE (100) 


WRITE  (12,10) 

FORMAT  (MV ttt  ANALTYICAL  RESULTS  ttt'//) 

WRITE  (1?  20)  ARA 

FORMAT  (IX, 'AIRCRAFT  RELIABILITY!  ',F7.4) 

WRITE  (12,30)  AMSBF 

FORMAT  (IX, 'AIRCRAFT  MEAN  SORTIES  BETWEEN  FAILURES!  ’,F7.4/) 
WRITE  (12,40)  AMRTA 

FORMAT  (IX, 'SINGLE  FAILURE  MEAN  REPAIR  TIME!  ',F7.4) 

WRITE  (12  SO)  AVRTA 

FORMAT  (IX, 'SINGLE  FAILURE  VARIANCE  OF  REPAIR  TIMEi  ',F7.4 //) 
WRITE  (12,60) 

FORMAT  (IX, 'PDF (T) ' ,2X, ’ CDF (T) ’ , 2X, ' AD  CDF’ , 2X, '  TIME’) 

WRITE  (12,70) 

FORMAT  (IX,T32,20(’+’ ,4X) , ’♦’ ) 


100  IT*NINT(1000.0$TI) ,NINT ( 1000. OITH) ,  NINT ( 1000. OIT I) 
T*FLOAT (IT) /1000.0 
K»NINT(T/TI) 

00  80  L-1,100 
LINE(L)*’  ’ 

IF  (L.EQ. NINT (100. Of DEN (K) ) )  THEN 
LINE(L)-'P' 

ELSE IF  (L.EQ. NINT ( 100. OtCUMA(K) ) )  THEN 
LINE(L)-’C' 

ELSEIF  (L.EQ.  NINT  <  100.  OtCUMAAOO))  THEN 
LINE(L)«’A* 

ELSEIF  (L.EQ. 100)  THEN 
LIN£(L)«'+' 

ENDIF 

CONTINUE 

NRITE  (12,90)  DEN (K) ,  CUMAOO ,  CUMAA(K) ,  T, LINE 
FORMAT  (1X,3(F6.4,2X> ,FS.2,T32, , 100A1) 

CONTINUE 

MRITE  (12,70) 

WRITE  (12,110) 

FORMAT  (IX, T31, ’0.0’ ,7X, '0. 1* , 7X, '0. 2’ ,7X, ’0.3’ , 7X, '0. 4' ,7X, 

>  ’0.5’ ,7X, '0.6' ,7X, ’0.7',7X, '0.8’ ,7X, ’0.9’ ,7X, ’ 1.0’//) 


RETURN 

END 
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c 

SUBROUTINE  TRANSLATE (ARA, CUM) 

**t  SUBROUTINE  TRANSLATE  DETERMINES  THE  AIRCRAFT  AVAILABILITY  AND 
SORTIE  GENERATION  RATE  ASSOCIATED  WITH  THE  ANALYTICAL  REPAIR 
Tire  CDF. 

COMMON/INIT/TI , TM, NSUB, NWUC (30) , SMSBF (30) , SREL (30) 

&  , NDIS(30, 3) , SQM (30, 3) ,  SMRT (30, 3) , SVRT (30,3) 

«<  ,  SMU(30,3) , SS6SQ(30,3)  ,SSG(30,3)  , NAF,ST, TT,SW 

L  ,  STIM, TIO,  TMO,  NERR 

C 

COMMON/TRAN/TK (300) , QSK (300) , QTK (500) , QRK (300) , RAK(SOO) , AVLK (500) 

&  , SRATEK<500) ,  A VL A ,  AVLM ,  TSOR ,  SRATE ,  TREP ,  RRATE 

C 

C  m  LOCAL  VARIABLE  DEFINITIONS 


c 

c 

SSTE ( I ) 

a 

QUANTITY  OF  AIRCRAFT  COMPLETING  A  SORTIE  IN  I  TIME 
INCREMENTS 

c 

c 

TSTE ( I ) 

a 

QUANTITY  OF  AIRCRAFT  COMPLETING  TURN  OPERATIONS  IN  I 
TIME  INCREMENTS 

c 

c 

RSTE ( I ) 

* 

QUANTITY  OF  AIRCRAFT  COMPLETING  REPAIRS  IN  I  TIME 
INCREMENTS 

c 

RTIP(I) 

* 

PROBABILITY  OF  AIRCRAFT  REPAIR  IN  TIME  INCREMENT  I 

c 

NS 

s 

NUMBER  OF  TIME  INCREMENTS  IN  A  SORTIE 

c 

NT 

M 

NUMBER  OF  TIME  INCREMENTS  IN  A  TURN  OPERATION 

c 

c 

NR 

a 

NUMBER  OF  POSSIBLE  TIME  INCREMENTS  IN  A  REPAIR 
OPERATION 

c 

RA 

a 

QUANTITY  OF  READY  AIRCRAFT 

c 

SOUT 

a 

QUANTITY  OF  AIRCRAFT  COMPLETING  SORTIES 

c 

TOUT 

a 

QUANTITY  OF  AIRCRAFT  COMPLETING  TURN  OPERATIONS 

c 

ROUT 

a 

QUANTITY  OF  AIRCRAFT  COMPLETING  REPAIRS 

c 

SIN 

a 

QUANTITY  OF  AIRCRAFT  BEGINNING  SORTIES 

c 

TIN 

a 

QUANTITY  OF  AIRCRAFT  BEGINNING  TURN  OPERATIONS 

c 

RIN 

a 

QUANTITY  OF  AIRCRAFT  BEGINNING  REPAIRS 

c 

WT 

a 

TIME  OF  DAY  (FOR  COMPARISON  WITH  SORTIE  WINDOW) 

c 

QS 

a 

QUANTITY  OF  AIRCRAFT  FLYING  SORTIES 

c 

QT 

a 

QUANTITY  OF  AIRCRAFT  BEIN6  TURNED 

c 

c 

QR 

a 

QUANTITY  OF  AIRCRAFT  BEING  REPAIRED 

DIMENSION  SSTE (500) , TSTE (500) , RSTE (500) ,RTIP (500) , CUM(IOO) 


NS-ST/TI 

NT*TT/TI 

NR=TM/TI 

C 

DO  10  1=1, NS 
SSTE(I)«0.0 
10  CONTINUE 

DO  20  I«1,NT 
TSTE (I) =0.0 
20  CONTINUE 


tn  u 


30 

C 


DO  30  I-l.NR 
R8TE(I)-0.0 
CONTINUE 

RTIP(l)-CUNU) 

DO  40  I*2,NR-1 

RTIP ( I ) -CUM ( I ) -CUM< 1-1 ) 

40  CONTINUE 

RTIP (NR) -1 . O-CUN (NR-1 ) 

C 

AVLA-0.0 

AVLH-1.0 

TSOR-O.O 

TREP-0.0 

RA-NAF 

KI-NINT (TIO/TI ) 

K-0 

NTI-0 

C 

DO  60  IT«NINT( 1000. 0*TI),NINT (1000. OtTMO),NINT (1000. 0*TI> 
C 

T-FLOAT (IT) /1000.0 
C 

CALL  OUT (NS, SSTE, SOUT) 

CALL  OUT (NT, TSTE, TOUT) 

CALL  OUT (NR, RSTE, ROUT) 

C 

RIN- ( 1 . O-ARA) tSOUT 

TIN-ARA4S0UT+R0UT 

RA-RA+TOUT 

WT«T-IFIX(T/24. 0)*24.0-0. 001 
IF  ( (NT.6T.0.0) .AND. (NT.LE.SN) )  THEN 
IF  (RA.LT.STIH)  THEN 
SIN-RA 
RA-0.0 
ELSE 

SIN-STIM 

RA-RA-STIM 

ENDIF 

ELSE 

SIN-0.0 

ENDIF 

C 

SSTE (NS) -SIN 
TSTE(NT)-TIN 
DO  50  I-1,NR 

RSTE ( I ) -R8TE ( I ) +RIN4RTIP ( I ) 

3  CONTINUE 

CALL  SUN (NS, SSTE, OS) 

CALL  SUN (NT, TSTE, QT) 

CALL  SUM (NR, RSTE, OR) 
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AVL* (QS+RA) /NAF 
AVLA-AVLA+AVL 
AVLM-AMIN1 (AVLM, AVL) 
TSQR*TSOR+S I N 
TREP-TREP+RIN 
C 

NTI-NTI+1 

IF  <NTI.EO.KD  THEN 
NT  1*0 
K-K+l 
TK<K)»T 
QSK  <K) *08 
QTK<K)-QT 
QRK(K)*QR 
RAK(K)*RA 
AVLK(K)*AVL 

SRATEK<K>-24. OtTSOR/ (TtNAF) 
ENDIF 
C 

60  CONTINUE 
C 

AVLA-AVLAITI/THO 
SRATE-24. OtTSOR/ <TN0INAF) 

RRATE-24. OtTREP/ (TNOtNAF) 

C 

CALL  TRANOUT 
C 

RETURN 

END 

C 
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c 

SUBROUTINE  OUT (NX, XSTE, XOUT) 

C 

C  **>  SUBOUTINE  OUT  RETURNS  THE  VALUE  IN  THE  FIRST  INCREMENT  OF  THE 
C  ARRAY  XOUT  AND  ADVANCES  ALL  OTHER  INCREMENTS  BY  ONE  POSITION. 

C 

C  m  LOCAL  VARIABLE  DEFINITIONS 

C  XSTE ( I )  -  QUANTITY  OF  AIRCRAFT  COMPLETING  ACTIVITY  X  IN  I 

C  TIME  INCREMENTS 

C  NX  NUMBER  OF  TIME  INCREMENTS  IN  XSTE 

C  XOUT  -  QUANTITY  OF  AIRCRAFT  COMPLETING  ACTIVITY  X  AFTER  ONE 

C  TIME  INCREMENT 

C 

DIMENSION  XSTE (NX) 

C 

XOUT-XSTE(l) 

C 

DO  10  1*1, NX-1 

XSTE ( I ) "XSTE ( I+l ) 

10  CONTINUE 
XSTE (NX >-0.0 
C 

RETURN 

END 

C 

ctmmmmmmmmmmmtmmmmmtumtmtuttmm 

c 

SUBROUTINE  SUM (NX, XSTE, QX) 

C 

C  m  SUBROUTINE  SUM  DETERMINES  THE  TOTAL  QUANTITY  OF  AIRCRAFT 
C  ENGAGED  IN  ACTIVITY  X. 

C 

C  t*t  LOCAL  VARIABLE  DEFINITIONS 

C  XSTE (I)  -  QUANTITY  OF  AIRCRAFT  COMPLETING  ACTIVITY  X  IN  I  TIME 

C  INCREMENTS 

C  NX  ■  NUMBER  OF  TIME  INCREMENTS  IN  XSTE 

C  QX  -  TOTAL  QUANTITY  OF  AIRCRAFT  ENGAGED  IN  ACTIVITY  X 

C 

DIMENSION  XSTE (NX) 

C 

QX-0.0 
DO  10  1*1, NX 

QXSQX+X8TE ( I ) 

CONTINUE 


10 


cmtttmmiimmittimimttmimtmmttmutuimmmim 

c 

SUBROUTINE  TRANOUT 
C 

C  ***  SUBROUTINE  TRANOUT  WRITES  THE  AVAILABLITY  AND  SORTIE 
C  GENERATION  RESULTS  TO  THE  OUTPUT  DEVICE  IN  A  LABELED  FORMAT. 

C 

C0MM0N/1N1T/TI#TM,NSUB,NWUC(30) ,SMSBF(30> ,SREL(30) 

&  ,NDIS(30,3) , SQM (30, 3) ,SMRT (30,3) ,SVRT (30,3) 

&  ,  SMU(30, 3) ,  SSGSQ(30, 3) , SSG (30, 3) , NAF, ST,  TT,  SW 

*  ,STIM,TIO,TMO,NERR 

C 

COMMON/TRAN/TK (500) , QSK (500) , QTK (500) , QRK (500) , RAK (500) , AVLK (500) 

«c  , SRATEK (500) , AVLA, AVLM, TSOR, SRATE, TREP, RRATE 

C 

WRITE  (12,5) 

5  FORMAT  <»l’,’*m  AVAILABILITY  AM) 

&  'SORTIE  GENERATION  RESULTS  tit*’//) 

WRITE  (12,10) 

10  FORMAT  (IX, 2X,'  TIME’,2X,’! -  AIRCRAFT  QUANTITIES - i’,2X, 

&  '  AVAIL', 2X,'S0R  GEN') 

WRITE  (12,20) 

20  FORMAT  (IX, 10X, 'SORTIE' ,2X, ’  TURN' ,2X, 'REPAIR' ,2X, ’  READY', 10X, 

&  ’  RATE’/) 

DO  40  K*1 , NINT (TMO/TIO) 

WRITE  (12,30)  TK (K), QSK (K), QTK (K), QRK (K), RAK (K), AVLK (K), 

&  SRATEK (K) 

30  FORMAT  (1X.7F8.3) 

40  CONTINUE 

C 

WRITE  (12,50)  AVLA 

50  FORMAT  (//IX, ’AVERAGE  AVAILABILITY i  ’,F9.4) 

WRITE  (12,60)  AVLM 

60  FORMAT  (IX, ’MINIMUM  AVAILABILITY!  ’,F9.4/) 

C 

URTTP  119  7ft)  TOm 

70  FORMAT  (IX, ’TOTAL  SORTIES  LAUNCHED!  ’,F9.4) 

WRITE  (12,80)  SRATE 

80  FORMAT  (IX, ’SORTIE  GENERATION  RATE*  ’,F9.4/> 

C 

WRITE  (12,90)  TREP 

90  FORMAT  (IX, ’TOTAL  MAINTENANCE  EVENTS!  ’,F9.4) 

WRITE  (12,100)  RRATE 

100  FORMAT  (IX, ’MAINTENANCE  RATE!  ’,F9.4) 

WRITE  (12,1) 

C 

RETURN 

END 

C 

cmmmmmimmmmmmmmimtmmmttmmmmm 
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PDF/CDF  REPAIR  TIME  INCREMENT:  9.20 
POF/CDF  RAIINUH  REPAIR  TIRE:  8.00 

TOTAL  NUABEA  OF  SU8SYSTERS:  24 


REROVE  AMO  REPLACE 


SUBSYS 

SUBSYS 

SUBSYS 

DIST 

COND 

REAN 

VAR¬ 

CODE 

HS8F 

REL 

TYPE 

PRO! 

TIRE 

IANCE 

11 

133.000 

0.993 

L6N 

0.030 

1.270 

0.370 

12 

241.000 

0.996 

LSN 

0.278 

2.720 

0.790 

13 

149.000 

0.993 

LGN 

0.344 

2.080 

0.600 

14 

141.000 

0.993 

LGN 

0.456 

2.330 

0.680 

23 

163.000 

0.994 

LGN 

0.428 

3.120 

0.900 

24 

207.000 

0.993 

LGN 

0.490 

2.830 

0.820 

41 

417.000 

0.998 

L6N 

0.  ”2 

3.310 

0.960 

42 

263.000 

0.996 

LGN 

0.803 

1.320 

0.380 

44 

700.000 

0.949 

LGN 

0.618 

1.200 

0.330 

4S 

430.000 

0.998 

LGN 

0.327 

3.110 

0.900 

46 

168.000 

0.994 

LGN 

0.428 

3.080 

0.890 

47 

1000.000 

0.999 

LGN 

0.523 

1.800 

0.520 

49 

3300.000 

1.000 

L6N 

0.8S7 

3.230 

0.940 

31 

4B0.000 

0.998 

LGN 

0.583 

1.510 

0.440 

S3 

7200.000 

1.000 

LGN 

0.389 

1.120 

0.320 

62 

2000.000 

1.000 

LGN 

0.298 

1.030 

0.300 

63 

473.000 

0.998 

LGN 

0.329 

1.190 

0.330 

64 

973.000 

0.999 

LGN 

0.220 

1.700 

0.490 

63 

1600.000 

0.949 

LGN 

0.683 

1.290 

0.370 

TI 

622.000 

0.998 

LGN 

0.497 

1.260 

0.370 

74 

36.500 

0.973 

LGN 

0.339 

1.330 

0.390 

73 

80.000 

0.988 

LGN 

0.274 

1.630 

0.470 

76 

293.000 

0.947 

LGN 

0.635 

2.280 

0.660 

47 

11000.000 

1.000 

LGN 

0.867 

2.370 

0.730 

REPAIR  IN  PLACE  CAN  NOT  DUPLICATE 


DIST 

COND 

REAN 

VAR¬ 

DIST 

COND 

REAN 

VAR¬ 

TYPE 

PROS 

TINE 

IANCE 

TYPE 

PROD 

TINE 

IANCE 

L6N 

0.966 

2.220 

0.640 

LGN 

0.004 

3.130 

0.910 

LGN 

0.662 

1.700 

0.490 

LGN 

0.060 

0.700 

0.200 

L6N 

0.3B6 

2.050 

0.390 

L6N 

0.070 

2.180 

0.630 

LGN 

0.299 

2.430 

0.700 

LGN 

0.245 

1.330 

0.440 

LGN 

0.494 

1.480 

0.430 

LGN 

0.078 

2.110 

0.610 

LGN 

0.436 

2.260 

0.660 

LGN 

0.074 

2.220 

0.640 

L6N 

0.199 

1.720 

0.500 

LGN 

0.359 

2.350 

0.680 

LGN 

0.173 

2.970 

0.860 

LGN 

0.024 

2.900 

0.840 

LGN 

0.333 

1.320 

0.440 

LGN 

0.049 

2.370 

0.750 

L6N 

0.387 

2.200 

0.640 

LGN 

0.0B6 

1.450 

0.420 

LGN 

0.421 

2.780 

O.BIO 

LGN 

0.151 

1.780 

0.320 

LGN 

0.315 

1.710 

0.500 

LGN 

0.162 

1.480 

0.430 

N/A 

0.000 

0.000 

0.000 

LGN 

0.143 

1.000 

0.290 

LGN 

0.183 

1.040 

0.300 

LGN 

0.234 

1.020 

0.300 

LGN 

0.222 

1.130 

0.330 

LGN 

0.3B9 

0.370 

0.110 

LGN 

0.3B6 

1.270 

0.370 

LGN 

0.316 

0.950 

0.230 

LGN 

0.309 

0.950 

0.280 

LGN 

0.362 

1.180 

0.340 

LGN 

0.381 

1.310 

0.380 

LGN 

0.399 

0.890 

0.260 

UN 

0.137 

0.920 

0.270 

LGN 

0.178 

0.840 

0.240 

UN 

0.222 

0.970 

0.2BO 

LGN 

0.281 

1.120 

0.320 

LGN 

0.094 

1.260 

0.370 

LGN 

0.347 

1.040 

0.300 

LGN 

0.089 

1.680 

0.490 

LGN 

0.637 

1.010 

0.290 

LGN 

0.184 

1.710 

0.500 

LGN 

0.181 

1.480 

0.430 

LGN 

0.133 

2.100 

0.620 

N/A 

0.000 

0.000 

0.000 

AVAILABILITV/SCRTIE  generation  PARARE7ERS 

AIFC-AFT  ;CRCE  3 1 2E :  24 
AIRCRAFT  SORTIE  TIRE:  2.40 
AIRCRAF*  TURN  TIRE:  0.40 
SORTIE  LAUNCH  nINDG'4:  16.00 
RAIIRUR  LAUNCHES  PER  PERIOD  TI:  2.00 


AVAIL/SORT  GEN  TIRE  INCREMENT: 
AVAIL/SGRT  GEN  RAKIRUR  TIRE: 


2.00 

48.00 


list  AVAILABILITY  AND  SORTIE  GENERATION  RESULTS  lilt 


TINE 

! —  AIRCRAFT 

QUANTITIES  ---! 

AVAIL 

SOR  GEN 

SORTIE 

TURN 

REPAIR 

READY 

RATE 

2.000 

20.000 

0.000 

0.000 

4.000 

1.000 

10.000 

4.000 

18.899 

3.753 

1.348 

0.000 

0.787 

8.725 

A.  000 

19.016 

3.562 

1.422 

0.000 

0.792 

8.373 

8.000 

22.008 

0.627 

1.364 

0.000 

0.917 

8.584 

10.000 

18.699 

3.699 

1.601 

0.000 

0.779 

8.355 

12.000 

19.015 

3.501 

1.484 

0.000 

0.792 

8.245 

14.000 

19.068 

3.525 

1.407 

0.000 

0.795 

8.1B1 

16.000 

18.705 

3.673 

1.622 

0.000 

0.779 

8.255 

18.000 

3.601 

3.487 

1.526 

15.386 

0.791 

7.338 

20.000 

0.000 

0.210 

0.443 

23.347 

0.973 

6.604 

22.000 

0.000 

0.027 

0.036 

23.936 

0.997 

6.004 

24.000 

0.000 

0.001 

0.002 

23.997 

1.000 

5.504 

26.000 

20.000 

0.000 

0.000 

4.000 

l.OOu 

5.849 

28.000 

18.899 

3.753 

1.348 

0.000 

0.787 

5.964 

30.000 

19.016 

3.562 

1.422 

0.000 

0.792 

6.077 

32.000 

22.008 

0.628 

1.364 

0.000 

0.917 

6.274 

34.000 

18.699 

3.699 

1.601 

0.000 

0.779 

6.342 

36.000 

19.015 

3.501 

1.484 

0.000 

0.792 

6.417 

38.000 

19.068 

3.525 

1.407 

0.000 

0.795 

6.490 

40.000 

18.705 

3.673 

1.622 

0.000 

0.779 

6.604 

42.000 

3.601 

3.487 

1.526 

15.386 

0.791 

6.290 

44.000 

0.000 

0.210 

0.443 

23.347 

0.973 

6.004 

46.000 

0.000 

0.027 

0.036 

23.936 

0.997 

5.743 

48.000 

0.000 

0.001 

0.002 

23.997 

1.000 

5.504 

AVERAGE  AVAILABILITY; 

0.8656 

MINIMUM  AVAILABILITY: 

0.7697 

TOTAL  SORTIES  LAUNCHED: 

264.1691 

SORTIE  GENERATION  RATE: 

5.5035 

TOTAL  MAINTENANCE  EVENTS: 

26.3086 

MAINTENANCE  RATE: 

0.5481 

E-4 
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